Cisplatin Ototoxicity in the Guinea Pig: An Electrophysiological, Morphological, and Biochemical Study by Barron, Sarah E.
East Tennessee State University
Digital Commons @ East
Tennessee State University
Electronic Theses and Dissertations Student Works
12-1985
Cisplatin Ototoxicity in the Guinea Pig: An
Electrophysiological, Morphological, and
Biochemical Study
Sarah E. Barron
East Tennessee State University
Follow this and additional works at: https://dc.etsu.edu/etd
Part of the Pharmacology Commons
This Dissertation - Open Access is brought to you for free and open access by the Student Works at Digital Commons @ East Tennessee State
University. It has been accepted for inclusion in Electronic Theses and Dissertations by an authorized administrator of Digital Commons @ East
Tennessee State University. For more information, please contact digilib@etsu.edu.
Recommended Citation
Barron, Sarah E., "Cisplatin Ototoxicity in the Guinea Pig: An Electrophysiological, Morphological, and Biochemical Study" (1985).
Electronic Theses and Dissertations. Paper 2634. https://dc.etsu.edu/etd/2634
INFORMATION TO USERS
This reproduction was made from a copy of a manuscript sent to us forpublf cation 
and microfilming. While the most advanced technology has been used to pho­
tograph and reproduce this manuscript, the quality of the reproduction is heavily 
dependent upon the quality of the material submitted. Pages In any manuscript 
may have indistinct print. In all cases the best available copy has been Aimed.
The following explanation of techniques Is provided to help clarity notations which 
may appear on this reproduction.
1. Manuscripts may not always be complete. When it is not possible to obtain 
missing pages, a note appears to indicate this.
2, When copyrighted materials are removed from the manuscript, a note ap­
pears to indicate this.
3, Oversize materials (maps, drawings, and charts) are photographed by sec­
tioning the original, beginning at the upper left hand comer and continu­
ing from left to right In equal sections with small overlaps. Each oversize 
page is also Aimed as one exposure and Is available, for an additional 
charge, as a standard 35mm slide or In black and white paper format.*
4. Most photographs reproduce acceptably on positive microfilm or micro­
fiche but lack clarity on xerographic copies made from the microfilm. Fbr 
an additional charge, all photographs are available in black and white 
standard 35mm slide format.*
*For more Information about black and white slides or enlarged paper reproductions, 
please contact the Dissertations Customer Services Department
LJmrerHily
MirmfiTma
International
8604756
Barron, Sarah Elizabeth
CISPLATIN OTOTOXICITY IN THE GUINEA PIG: AN 
ELECTROPHYSIOLOGICAL, MORPHOLOGICAL, AND BIOCHEMICAL STUDY
Easf Tennessee Stale Un/vers/f/ Ph.D. 1985
University
Microfilms
International 300 N. Zeeb Road, Ann Arbor, Mt 46100
PLEASE NOTE:
In all cases this material has been filmed In the best possible way from the available copy. 
Problems encountered with this document have been Identified here with a  check mark V .
2. Colored Illustrations, paper or print______
3. Photographs with dark background J
4. Illustrations are poor copy______
5. Pages with black marks, not original copy______
6. Print shows through as there is text on both sides of page_______
7. Indistinct, broken or small print on several pages \ /
8. Print exceeds margin requirements______
9. Tightly bound copy with print lost in spine_______
10. Computer printout pages with Indistinct print______
11. Page(s)___________ lacking when material received, and not available from school or
1. Glossy photographs or pages
author.
13. Two pages numbered . TextfollowB.
14. Curling and wrinkled pages_____
15. Dissertation contains pages with print at a slant, filmed as  received
16. Other__________________________________________________
12. Page(s) seem to be missing in numbering only as text follows. 
 fo lows
University
Microfilms
International
CISPLATIN OTOTOXICITY IN THE GUINEA PIG: AN
ELECTROPHYSIOLOGICAL, MORPHOLOGICAL, AND BIOCHEMICAL STUDY
A D i s s e r t a t i o n  
P r e s e n t e d  to 
t he  F a c u l t y  o f  t h e  Depar tment  o f  Pharmacology 
Q u i l l e n - D i s h n e r  Co l l e ge  o f  Medic ine  
E as t  Tennes see  S t a t e  U n i v e r s i t y
In P a r t i a l  F u l f i l l m e n t  
o f  t he  Requ i r emen ts  f o r  t h e  Degree 
Doctor  o f  Ph i l o sop hy
by
Sarah E l i z a b e t h  Barron 
December,  1985
APPROVAL
T hi s  i s  t o  a e r t i f y  t h a t  t h e  Graduat e  Committee o f  
SARAH ELIZABETH BARRON 
met  on t h e
  day o f  f ) 0 \ M r r \ h t A _________ 1 9 . S T
The c om m i t t e e  r ead  and examined h e r  d i s s e r t a t i o n ,  
s u p e r v i s e d  her  d e f e n s e  o f  i t  in  an o r a l  e x a m i n a t i o n ,  and 
deo ided  bo recommend t h a t  he r  s t u d y  be s u b m i t t e d  t o  t h e  
Gradua t e  Counc i l  and t h e  A s s o c i a t e  V i c e - P r e s i d e n t  f o r  
Resear ch  and Gradua t e  S t u d i e s  i n  p a r t i a l  f u l f i l l m e n t  o f  t h e  
r e q u i r e m e n t s  f o r  t h e  deg ree  Doctor  o f  Ph i l o sophy  i n  
B i omed ica l  S c i e n c e s .
Chairman,  Gradua te  ^bmmibtee
^ t/O J  £■
Signed on b e h a l f  o f  
t h e  Gradua t e  Counc i l
A s s o o i a t e  V i c e - P r e s i d e n t  f o r  
Resear ch  and Gradua te  S t u d i e s
i i
ABSTRACT
CISPLATIN OTOTOXICITY IN THE GUINEA PIG:
A ELECTROPHYSIOLOGICAL, MORPHOLOGICAL AND BIOCHEMICAL STUDY
by
Sa rah  E. Ba r ron
The pu rpose  o f  t h i s  s t u d y  was t o  d e t e r m i n e  changes  
i nduced by c i s p l a t i n  on h a i r  c e l l  (HC) morphology,  compound 
a c t i o n  p o t e n t i a l  (CAP), P r e y e r  r e f l e x  (PR), and l ia,K-ATPase 
a c t i v i t y  i n  t he  c o c h l e a r  l a t e r a l  w a l l .
Guinea p ig s  were t r e a t e d  w i t h  e i t h e r  0.42,  0.83* 1.17,
1.50 mg/kg c i s p l a t i n ,  i . p .  o r  s t e r i l e  w a t e r  f o r  12 
c o n s e c u t i v e  days  and t e s t e d  on day 13. HC c o n d i t i o n  was 
v i s u a l i z e d  wi th  s can n i ng  e l e c t r o n  m ic r o sc o py  (SEM), CAP was 
i n i t i a t e d  w i th  a 1 v o l t  c l i c k ,  and Na,K-ATPase a c t i v i t y  was 
measured  by t he  method o f  F i s ke  and SubbaRow.
HC damage was l i n e a r  w i t h  dose  and o c c u r r e d  t h r o u g h o u t  
t h e  t u r n s  o f  t h e  c o c h l e a  w i th  g r e a t e s t  p r edominance  in t h e  
b a s a l  t u r n .  Degrees  o f  HC d i s t o r t i o n  were r e p r e s e n t e d  by 
s e p a r a t i o n  o f  s t e r e o c i l i a ,  f o r m a t i o n  o f  b l e b s ,  and 
e x p u l s i o n  o f  HC c o n t e n t s .  Complete  s u p p r e s s i o n  o f  CAP and 
PR o c c u r r e d  in a l l  1.5 mg/kg t r e a t e d  a n i m a l s  and 50% o f  t he  
1.17 mg/kg dose  group.  A 60 i  d e p r e s s i o n  o f  CAP o c c u r r e d  in  
50% o f  t h e  0.83 dose  group .  Na,K-ATPasa a c t i v i t y  was n o t  
s i g n i f i c a n t l y  d i f f e r e n t  be tween  t r e a t m e n t  g r ou p s .
These  r e s u l t s  i n d i c a t e d  t h a t  c i s p l a t i n  o t o t o x i c i t y  
appea red  t o  be d o s e - d e p e n d e n t  f o r  m e a su r e m e n t s  o f  CAP, PR, 
and HC damage bub was no t  r e l a t e d  t o  Na,K-ATPase a c t i v i t y  
i n  c o c h l e a r  l a t e r a l  wa l l .
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CHAPTER 1 
I n t r o d u c t i o n
Background
He a r in g  d i s t u r b a n c e s  due t o  t h e  commonly u sed  d rugs  
q u i n i n e ,  s a l i c y l a t e s ,  and o i l  o f  chenopodium were 
r e c o g n i z e d  a s  e a r l y  a s  t h e  19 th  c e n t u r y  (Hawkins ,  '76).  
However,  i t  was no t  u n t i l  1945,  w i t h  t h e  i n t r o d u c t i o n  o f  
s t r e p t o m y c i n  as  an a n t i t u b e r c u l a r  a g e n t ,  t h a t  f u n c t i o n a l  
and s t r u c t u r a l  changes  o c c u r r i n g  i n  t h e  c o c h l e a  were  
examined i n  d e t a i l  (Hawkins ,  *76). Profound i n t e r e s t  i n  
o t o t o x i c i t y  became g e n e r a t e d  as  s t r e p t o m y c i n  and o t h e r  
a m i n o g l y c o s i d e s  became s u c c e s s f u l l y  and w i d e l y  u sed  
t h e r a p e u t i c a l l y  as  a n t i b i o t i c s .  S i n ce  t h i s  t i m e ,  
a d d i t i o n a l  d rugs  have been i d e n t i f i e d  as  o t o t o x i c  i n c l u d i n g  
e t h a c r y n i c  a c i d ,  f u r o s e m i d e ,  n o n - s t e r o i d a l  a n t i i n f l a m m a t o r y  
a g e n t s ,  n i t r o g e n  m u s t a r d ,  and c i s p l a t i n .
C i s p l a t i n ,  an a n t i n e o s p l a s t i c  a g e n t ,  h a s  r e c e n t l y  
drawn c o n s i d e r a b l e  i n t e r e s t  a s  an o t o t o x i c  a g e n t .  One 
m igh t  s u g g e s t  t h a t  i t s  o t o t o x i c  e f f e c t s  would r e s em b l e  t h a t  
o f  o t h e r  a n t i c a n c e r  a g e n t s .  C i s p l a t i n ' s  t o x i c  e f f e c t s  on 
t h e  c o c h l e a ,  however ,  d i f f e r  s i g n i f i c a n t l y  f rom t h o s e  o f  
n i t r o g e n  m u s t a r d  ( K i s i e l  and Bobbin,  *31 ). I t s  a n t i t u m o r  
mechanism a p p e a r s  t o  be e x c l u s i v e  f rom i t s  mechanism o f  
o t o t o x i c i t y  (Da l ey -Ya te s  and McBrien,  '84) .  Due t o
1
2c i s p l a t i n ' s  p l a t i n u m  m o i e t y ,  one migh t  a l s o  s u g g e s t  t h a t  
i t s  o t o t o x i c  e f f e c t s  may be s i m i l a r  t o  t h o s e  s een  w i th  
heavy m e t a l  i n t o x i c a t i o n ,  b u t  t h e  m o r p h o l o g i c a l  p i c t u r e  
o b t a i n e d  a f t e r  a c u t e  methy l  me rcu ry  i n t o x i c a t i o n  i 3  q u i t e  
d i f f e r e n t  from t h a t  seen  w i t h  c i s p l a t i n  ( F a l k  e t  a l . ,  
1973).  Hakai  e t  a l .  (1982)  r e p o r t e d  t h a t  t h e  d e g e n e r a t i o n  
p a t t e r n  produced by c i s p l a t i n  r e s e m b l ed  t h a t  o f  t h e  
a m i n o g l y c o s i d e s .  While some m o r p h o l o g i c a l  and f u n c t i o n a l  
changes  have been i d e n t i f i e d ,  t h e  mechanism o f  a c t i o n  f o r  
c i s p l a t i n ' s  o t o t o x i c i t y  r e m a in s  unknown.
An i n c r e a s i n g  number o f  c a n c e r  p a t i e n t s  a r e  b e in g  
s u c c e s s f u l l y  t r e a t e d  w i th  c i s p l a t i n .  Though no t  l i f e  
t h r e a t e n i n g ,  c i s p l a t i n ' s  t o x i c  e f f e c t s  on t h e  c o c h l e a  a r e  
o f  major  con ce rn .  The need fo r  a b e t t e r  u n d e r s t a n d i n g  o f  
t h e  mechanism or  mechani sms  i n v o lv e d  w i t h  t h e  p a t h o g e n e s i s  
o f  c i s p l a t i n  o t o t o x i c i t y  i s  c u r r e n t l y  a s i g n i f i c a n t  
p rob lem.
Anatomica l  C o n s i d e r a t i o n s  o f  t h e  Coch l ea
The c o c h l e a  i s  composed o f  a membranous and o s s e o u s  
l a b y r i n t h  which i s  embedded d e e p l y  in  t h e  p e t r o u s  bone o f  
t h e  s k u l l .  The membranous l a b y r i n t h  i s  c o m p a r t m e n t a l i z e d  
i n t o  t he  s c a l a  v e s t i b u l i ,  s c a l a  media ( c o c h l e a  d u c t ) ,  and 
s c a l a  t ympan i  ( f i g .  1). In t h e  s c a l a  v e s t i b u l i  and s c a l a  
t ympan l  t h e  f l u i d  or  p e r i l y m p h  i s  s i m i l a r  t o  e x t r a c e l l u l a r  
f l u i d  be in g  h ig h  in sodium and low in p o t a s s i u m .
3F i g u r e  1
Diagram i l l u s t r a t i n g  s t r u c t u r a l  d e t a i l s  w i t h i n  a c r o s s  
s e c t i o n  o f  t he  c o c h l e a .  Note t h e  c o m p a r t m e n t a l i z a t i o n  o f  
t h e  membranous l a b y r i n t h  i n t o  t he  s c a l a  media ( c o c h l e a  
d u c t ) ,  s c a l a  v e s t i b u l i ,  and s c a l a  t ympan i  ( N e t t e r ,  *70).
4H elicotrem a (sca la  vestibuli
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5Conve r se ly ,  t h e  f l u i d  o r  endolymph found i n  t h e  s c a l a  media  
i s  s i m i l a r  to i n t r a c e l l u l a r  f l u i d  hav ing  a h ig h  
c o n c e n t r a t i o n  o f  p o t a s s i u m  and a low c o n c e n t r a t i o n  o f  
sod ium.  The c e n t r a l  c om pa r tm en t ,  t h e  s c a l a  medi a ,  i 3  
r o u g h l y  t r i a n g u l a r  i n  shape  and i s  bounded by H e i s s n e r ' s  
membrane,  b a s i l a r  membrane,  and s t r i a  v a s c u l a r i s .  The 
organ o f  C o r t i  r e s t s  on t h e  b a s i l a r  membrane.  Scanning  
e l e c t r o n  mic ro scopy  a l l o w s  d e t a i l e d  t h r e e - d i m e n t i o n a l  v i ews  
o f  t h e  e n t i r e  s u r f a c e  o f  t h e  o r g a n  o f  C o r t i  w i t h  i t s  i n n e r  
h a i r  c e l l s ,  o u t e r  h a i r  c e l l s ,  s u p p o r t i n g  c e l l s  ( D e i t e r ,  
Henson, C l a u d i u s ,  and p i l l a r ) ,  t h e  a f f e r e n t  and e f f e r e n t  
ne rve  f i b e r s ,  t he  t e c t o r i a l  membrane,  and t h e  b a s i l a r  
membrane ( f i g .  2).
The h a i r  c e l l s  r e p r e s e n t  t he  m ec h a n o r e c e p to r s  
r e s p o n s i b l e  f o r  sound t r a n s m i s s i o n  and,  i n  mammals,  a r e  
d i v i d e d  i n t o  one  row o f  i n n e r  h a i r  c e l l s  and t h r e e  o r  more  
rows o f  o u t e r  h a i r  c e l l s .  The i n n e r  h a i r  c e l l s  a r e  f l a s k ­
shaped w i th  r e l a t i v e l y  s m a l l  n u c l e i  whe rea s  t h e  o u t e r  h a i r  
c e l l s  a r e  c o n i c a l  w i t h  n u c l e i  t h a t  a lm o s t  f i l l  t h e  d i a m e t e r  
o f  t h e  c e l l  ( f i g .  2).  The s u r f a c e  o f  t he  h a i r  c e l l 3  b e a r s  
s t e r e o c i l i a  which a r e  a r r a n g e d  in t he  form o f  t h e  l e t t e r  
"V" or  "W" fo r  t he  o u t e r  h a i r  c e l l s  and a r e  f e n c e p o s t - l i k e  
fo r  t h e  i nn e r  h a i r  c e l l s .
6F i g u r e  2
T h r e e - d i m e n s i o n a l  schema o f  t he  s t r u c t u r e  o f  t h e  organ  
o f  C o r t i .  Demons t r a t ed  h e r e  i s  t h e  a r r a n g e m e n t  o f  v a r i o u s  
t y p e s  o f  c e l l s  and t h e i r  o v e r a l l  i n n e r v a t i o n .  The 
o r g a n i z a t i o n  o f  t he  i n n e r  and o u t e r  h a i r  c e l l s ,  and t h e i r  
s y n a p t i c  con nex io ns  a r e  d e p i c t e d  be low ( W i l l i a m s  and 
Warwick,  1980).
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Sound ene rgy  i s  conduc t ed  t h r o u g h  t h e  e x t e r n a l  and 
midd l e  e a r  i n t o  t he  i n n e r  e a r  where t h e  t r a n s d u c t i o n  o f  
mech an i ca l  s t i m u l i  i n t o  an e l e c t r o - c h e m i c a l  form t a k e s  
p l a c e .  S e v e r a l  t h e o r i e s  have been p roposed  t o  a cc o u n t  f o r  
t h i s  t r a n s d u c t i o n  p r o c e s s .  The most  commonly a cc e p t e d  one ,  
D a v i s 1 " B a t t e r y  Theory" ,  w i l l  be c o n s i d e r e d  h e r e .
Davis  proposed  t h a t  t h e  upper  s u r f a c e  o f  t h e  h a i r  c e l l  
o f  t h e  c o c h l e a  i s  p o l a r i z e d  by t h e  d i f f e r e n c e  be tween  t h e  
i n t r a - h a i r  c e l l  p o t e n t i a l  and t he  e n d o c o c h l e a r  p o t e n t i a l  
g e n e r a t e d  by t he  s t r i a  v a s c u l a r i s .  In r e s p o n s e  t o  sound 
s t i m u l u s ,  t he  up and down mot ion  o f  t h e  b a s i l a r  membrane 
p roduces  s h e a r i n g  a c t i o n  in t he  3 t e r e o c i l i a  embedded in t h e  
t e c t o r i a l  membrane.  The r e s u l t i n g  d i s t o r t i o n  in t he  
membrane o f  t he  upper  s u r f a c e  o f  t he  h a i r  c e l l  d e c r e a s e s
the  r e s i s t a n c e  o f  t h e  membrane t o  c u r r e n t  f l ow  and in t u r n
c a u se s  a d e p o l a r i z a t i o n  o f  t h e  h a i r  c e l l .  The
d e p o l a r i z a t i o n  o f  t h e  h a i r  c e l l  a c t i v a t e s  t h e  r e l e a s e  o f  an
unknown c h em ic a l  t r a n s m i t t e r  and e x c i t a t i o n  o f  t h e  VIL1 
n e r v e .
Al though Davis* t h e o r y  a p p e a r s  t o  be c u r r e n t l y  t h e  
b e s t  working model  f o r  u n d e r s t a n d i n g  s e n s o r y  t r a n s d u c t i o n  
in t h e  c o c h l e a ,  r e c e n t  d a t a  s u g g e s t  t h a t  a number o f  
f undamen ta l  gaps  w i th  r e g a r d  t o  t h i s  t h e o r y  r em a in
9u n r e s o l v e d .  Lim t '72)  d e m o n s t r a t e d  t h a t  o u t e r  h a i r  c e i l
s t e r e o c i l i a  bu t  no t  i n n e r  h a i r  c e l l  s t e r e o c i l i a  a r e
embedded in t h e  t e c t o r i a l  membrane.  These r e s u l t s ,  in
c o n j u c t l o n  w i t h  t he  Davis  model ,  s u g g e s t  t h a t  o u t e r  h a i r
c e l l s  a r e  t he  p r im a r y  s e n s o r y  r e c e p t o r  c e l l .  I n c o n s i s t e n t  
w i t h  t h i s  p r o p o s a l ,  Spoen d l i n  (*72) d e m o n s t r a t e d  t h a t  i n n e r  
h a i r  c e l l s  r e c e i v e  953t o f  t he  a f f e r e n t  i n n e r v a t i o n  and have  
no d i r e c t  e f f e r e n t  ne rve  e n d i n g s ,  wh e re a s ,  o u t e r  h a i r  c e l l s  
r e c e i v e  only  5 Jt a f f e r e n t  ne rve  end ing3 .
Oute r  h a i r  c e l l s  r e c e i v e  a l a r s e  number o f  e f f e r e n t  
end ing 3 ,  many o f  which a r e  from axons o f  t h e  c r o s s e d  
o l i v o c o c h l e a r  bund l e .  E l e c t r i c a l  s t i m u l a t i o n  o f  t he  
e f f e r e n t  ne rv e s  in t h e  o l i v o c o c h l e a r  bun d l e  ma rke d ly  
r educed  r e c e p t o r  p o t e n t i a l s  r e c o rd e d  from i n n e r  h a i r  c e l l s ,  
(Brown £ t  a l ^ ,  ’83) .
As p r e v i o u s l y  m en t i o n ed ,  t h e  p r i m a r y  s o u r c e  o f  
m e c h a n i c a l  i n p u t  t o  c o c h l e a r  h a i r  c e l l s  i 3  t h o u g h t  t o  be 
t h e  r e l a t i v e  s h e a r  be tween t h e  t e c t o r i a l  membrane and t he  
a p i c a l  s u r f a c e  o f  t he  h a i r  c e l l s  c aused  by b a s i l a r  membrane 
mot ion  d u r i n g  r a r e f a c t i o n s  ( e x c i t a t o r y )  and c o m p r e s s i o n s  
( i n h i b i t o r y )  o f  a c o u s t i c  s t i m u l i  (Davis ,  ’65).  Recent  
t h e o r i e s  o f  c o c h l e a r  t r a n s d u c t i o n  p ropose  t h a t  o u t e r  h a i r  
c e l l s ,  by v i r t u e  o f  t h e  f i r m  a t t a c h m e n t  o f  t h e i r  
s t e r e o c i l i a  t o  t he  t e c t o r i a l  membrane (L im ,*72), a r e  in a 
p o s i t i o n  bo r e g u l a t e  t h i s  d i s p l a c e m e n t  t h r o u g h  a
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b i d i r e c t i o n a l  m e c h a n o - e l e c t r i c a l  f e e dback  l oo p  (B ro wn e l l  
e t  a l .  *85; Cody and R u s s e l l ,  ' 8 5 ) .  B r o w n e l l  e t  aJL. 0 8 5 )  
s u p p o r t e d  t h i s  t h eo r y  w i th  o b s e r v a t i o n s  t h a t  i s o l a t e d  o u t e r  
h a i r  c e l l s  became s h o r t e r  in r e s p o n s e  to d e p o l a r i z i n g  
c u r r e n t s  and l o n g e r  i n  r e s p o n s e  t o  h y p e r p o l a r i z i n g  c u r r e n t s  
a d m i n i s t e r e d  t o  t h e  s y n a p t i c  end o f  t h e  c e l l .  I o n t o -  
p h o r e t i c  a p p l i c a t i o n  o f  a c e t y l c h o l i n e  to t h e  s y n a p t i c  
and o f  t he  c e l l  d e c r e a s e d  t he  l e n g t h  o f  t h e  o u t e r  h a i r  
c e l l .
I t  i s  n o t  known a t  t h i s  t i m e  e x a c t l y  how t h e  i n n e r  
h a i r  c e l l  s t e r e o c i l i a  a r e  m e c h a n i c a l l y  d i s t o r t e d  i n  
r e s p o n s e  to sound s t i m u l i .  R u s s e l l  and S e l l i c k  C'83) 
s u g g e s t e d  t h a t  t h e  i n n e r  h a i r  c e l l s  r espond t o  t h e  s h e a r  o f  
t h e i r  f r e e - s t a n d i n g  s t e r e o c i l i a  t h r o u g h  a f l u i d  c o u p l i n g  to  
b a s i l a r  membrane a c t i o n .
Compound Ac t i o n  P o t e n t i a l .
An e l e c t r o d e  on t h e  r o u n d  window o r  i n  t h e  c o c h l e a  may 
r e c o r d  a t r a n s i e n t  r e s p o n s e  w i th  o n s e t  o f  a c o u s t i c a l  
s t i m u l a t i o n .  Th i s  r e s p o n s e  i s  t h e  c o c h l e a r  compound a c t i o n  
p o t e n t i a l  and r e p r e s e n t s  t h e  d i s c h a r g e  o f  a f f e r e n t  f i b e r s  
o f  t h e  VI I I  n e rv e .  I t  i s  u s u a l l y  c h a r a c t e r i z e d  by two 
d e f l e c t i o n s ,  an peak and an ^2 peak.  Each peak i s  
s e p a r a t e d  by a p p r o x i m a t e l y  1-1.5 msec.  The a c t i o n  
p o t e n t i a l  13 h i g h l y  de pen de n t  on t h e  synch rony  o f  d i s c h a r g e  
o f  t h e  a u d i t o r y  n e r v e  f i b e r s  and on t h e  number  o f  n e r v e
11
f i b e r s  e x c i t e d  ( G o l d s t e i n  e t  al^., ’58) .  Optimum re s p o n s e  
i s  i n i t i a t e d  w i t h  s o u n d s  o f  s h o r t  d u r a t i o n  s u c h  a s  a c l i c k  
or  t o n e  b u r s t .  The compound a c t i o n  p o t e n t i a l  i s  an 
i n d i c a t o r  o f  c o c h l e a r  end f u n c t i o n  and i s  an i m p o r t a n t  
measure  f o r  d e t e r m i n i n g  changes  in h e a r i n g  a s  a r e s u l t  o f  
n o i s e  e x p o s u r e ,  o t o t o x i c  d r u g s ,  o r  o t h e r  i n s u l t s  t o  t he  
c o c h l e a  ( A r a n ,  *81).
C i s p l a t i n
Pharmacology
The s t r u c t u r e  o f  c i s p l a t i n  c o n s i s t s  o f  a p l a t i n u m  
m o i e ty  su r rounded  by two c h l o r i d e  g roups  and two amino 
g ro u p s .  C i s p l a t i n  has a m o l e c u l a r  w e ig h t  o f  300 and i s  
s o l u b l e  i n  w a t e r  a t  a c o n c e n t r a t i o n  o f  1 mg/ ra l  (Dorr  and 
F r i t z ,  ' 80) .  The r e a c t i v i t y  o f  t h i s  drug  in b i o l o g i c a l  
s y s t e m s  i s  dependen t  on c h l o r i d e  ion c o n c e n t r a t i o n .  In an 
en v i ro nm en t  o f  h i g h  c h l o r i d e  c o n c e n t r a t i o n  ( a p p r o x i m a t e l y  
100 tnH) as  i n  b lo od ,  c i s p l a t i n  r e m a in s  e l e c t r i c a l l y  n e u t r a l  
( L i p p a r d . ' 3 0 ) .  I n s i d e  t h e  c e l l  where t h e  c h l o r i d e  ion 
c o n c e n t r a t i o n  i s  a p p r o x i m a t e l y  HmM, t he  c h l o r i d e - l e a v i n g  
g r oup s  a re  r e p l a c e d  by w a t e r  m o le cu l e s  r e s u l t i n g  in a 
p o s i t i v e l y  c h a r g ed ,  a qu a t e d  p l a t i n u m  m o l e c u l e  (L ippa rd ,
' 30) .  The p o s i t i v e l y  cha rged  m o le c u l e s  may r e a c t  w i th  
n u c l e o p h i l i c  s i t e s  w i t h i n  t h e  c e l l .  Amine l i g a n d s  a r e  
s t r o n g l y  bound to t he  c e n t r a l  m e t a l  atom and a r e  u n l i k e l y
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to  p a r t i c i p a t e  i n  b i n d i n g .  The p r i n c i p l e  t a r g e t  o f  
c i 3 p l a t i n  ap pe a r s  t o  be DNA, w i t h  a s e l e c t i v e  i n h i b i t i o n  o f  
DNA s y n t h e s i s  (Harder  and Rosenberg ,  '70) .  The t \ / 2  
d rug  in r o d e n t s  w i t h  i . v .  a d m i n i s t r a t i o n  i s  25-50 minu te  
f o r  t h e  i n i t i a l  d i s t r i b u t i o n  phase  and 58 t o  73 hou r s  f o r  
t h e  e l i m i n a t i o n  phase  ( H i l l  e t  a l . ,  '75;  C a l a b r e s i  and 
P a r k s ,  *80). D i s t r i b u t i o n  o c c u r s  in  h ig h  l e v e l s  t o  k id n ey ,  
l i v e r ,  ova ry ,  u t e r u s ,  i n t e s t i n e ,  3 k i n ,  and bone;  and o c c u r s  
in low l e v e l s  to t h e  c e n t r a l  ne rvous  s y s t e m  ( L i t t e r s t  
e t  a l . ,  *79). Nine ty  p e r c e n t  o f  c i s p l a t i n  a d m i n i s t e r e d  i s  
bound to  p l asma p r o t e i n s  and 70-90% i s  e x c r e t e d  by t he  
k i d n e y s .  In a d d i t i o n  to o t o t o x i c i t y ,  t he  ma jor  s i d e  
e f f e c t s  o f  t h i 3  a g en t  i n c l u d e  n e p h r o t o x i c i t y ,  mye lo-  
s u p r e s s i o n ,  and g a s t r o i n t e s t i n a l  d i s t u r b a n c e s  (Hoff  
e t  a l . ,  ' 7 9 ) .
O t o t o x i c i t y
C i s p l a t i n - i n d u c e d  h e a r i n g  im pa i rm e n t  ha3 been r e p o r t e d  
in  a number o f  c l i n i c a l  s t u d i e s  ( P i e l  j}t a l . , '74;
M e r r i n ,  '78;  C a l a b r e s i  and Pa r ks ,  ’30).  Repor ted  h e a r i n g  
l o s s e s  were d o s e - d e p e n d e n t ,  u s u a l l y  b i l a t e r a l ,  and were 
bo th  r e v e r s i b l e  and i r r e v e r s i b l e .  Hear ing  i m pa i rm en t  
o c c u r r e d  a t  4000-8000 Hz and r an g e s  be tween 15-65 dB 
(Moroso  and B l a i r ,  ’83) -
R e s u l t s  from an im a l  s t u d i e s  i n d i c a t e d  t h a t  c i s p l a t i n  
d e s t r o y e d  o u t e r  h a i r  c e l l s  o f  t h e  o r g a n  o f  C o r t i  w i t h  t h e
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g r e a t e s t  damage o c c u r r i n g  i n  t h e  b a s a l  t u r n  (Nakai  ejt a l . ,  
’82;  Tange  ja l . ,  ' 82 ;  F l e i s h m a n  e_t a j u ,  ’7 5 ) .  O c c a s i o n a l  
d e s t r u c t i o n  o f  i n n e r  h a i r  c e l l s  has  been ob se rv ed  bub was 
c o n s i s t e n t l y  l e33  t han  f o r  o u t e r  h a i r  c e l l s  and o oc u r r e d  on ly  
a t  t he  h i g h e r  dose s .
U l b r a s b r u c t u r a l  changes  a s s o c i a t e d  w i th  o u t e r  c e l l  
d e g e n e r a t i o n ,  as v i s u a l i z e d  w i th  t r a n s m i s s i o n  e l e c t r o n  
mic ro sc o py ,  i n c l u de d  marked v a c u o l i z a t i o n  and l a r g e  numbers  
o f  l y s o s o m e - l i k e  b o d i e s  in t h e  a p i c a l  r e g i o n  o f  t h e  c e l l ,  
t h i n n i n g  o f  c u t i c u l a r  p l a t e ,  and e n l a rg e m e n t  o f  t he  
p a r i e t a l  membrane (Est rem e t  a l . ,  *81). In s t r i a  
v a s c u l a r i s ,  o c c a s i o n a l  va cuo l e  e n l a r g e m e n t  and t h i n n i n g  o f  
t h e  membrane o f  c e l l s  was r e p o r t e d  (Nakai  e t  a l^ ,  ’82).
Nakai  e t  *rl. C32)  obse rved  l a r g e d  fused  s t e r e o c i l i a ,  
d i s t o r t e d  and d i s t e n d e d  c u t i c u l a r  p l a t e s ,  and pronounced 
h a i r  c e l l  l o s s  u s ing  s cann in g  e l e c t r o n  mic r o scopy .
In a d d i t i o n  to m o r p h o l o g i c a l  changes  i nduced  by 
c i s p l a t i n ,  f u n c t i o n a l  changes  have a l s o  been r e p o r t e d .
Hear ing  f u n c t i o n  in gu i nea  p i g s  a f t e r  m u l t i p l e  do se s  o f  
c i s p l a t i n ,  i . p .  ( t o t a l  o f  15 mg/kg ove r  12 d a y s ) ,  r e s u l t e d  
in pe rmanen t  d e a f n e s s  w i th  h e a r i n g  l o s s  f o r  h igh  f r eq u e nc y  
t o n e s  p r e c e e d i n g  t h a t  o f  low f r e q u e n c i e s  ( F l e i s c h m a n  
e t  a l . ,  *75). In gu inea  p ig3  t r e a t e d  w i t h  2 mg /kg /day  
c i s p l a t i n  ( i .m . ) ,  Nakai  e t  a l .  C82)  r e p o r t e d  c om pl e t e  
s u p p r e s s i o n  o f  t he  a u d i t o r y  b r a i n s t e m  r e s p o n s e .  Komune
14
e t  a l . 081)  ob se rved  s i g n i f i c a n t  r e d u c t i o n  o f  bo th  t h e  
e n d o c o c h l e a r  p o t e n t i a l  and c o c h l e a r  m i c r o p h o n i c s  f o l l o w i n g  
a s i n g l e  i . v .  I n j e c t i o n  o f  12.5 mg/kg c i s p l a t i n  i n  g u i n e a  
p i g s .
The m o r p h o l o g i c a l  and f u n c t i o n a l  changes  produced by 
c i s p l a t i n  a r e  p r ob ab ly  an end r e s u l t ,  r e f l e c t i n g  
b i o c h e m i c a l  o r  b i o p h y s i c a l  a l t e r a t i o n s  t a k i n g  p l a c e  in 
v a r i o u s  s t r u c t u r e s  o f  t he  c o c h l e a  (Kon i sh i  £ t  a l . ,  *83). 
Al though t h e s e  p u b l i s h e d  r e p o r t s  c l e a r l y  d e m o n s t r a t e d  t he  
d r a m a t i c  o t o t o x i c  e f f e c t s  o f  c i s p l a t i n ,  none o f  t h e s e  d a t a  
i d e n t i f i e d  p o s s i b l e  mechanisms  u n d e r l y i n g  c i 3 p l a t i n - i n d u c e d  
c o c h l e a r  damage.
R e ce n t l y ,  Da l ey -Ya te s  and McBrien 0 3 2 )  r e p o r t e d  a 
d o s e - d e p e n d e n t  i n h i b i t i o n  o f  Na,K-ATPase and Mg-ATPase 
a c t i v i t y  in r e n a l  t i s s u e  i n cu b a t e d  w i t h  c i s p l a t i n  
(LDgo 6*5 x Al though t h e s e  r e s u l t s  a r e  no t  d i r e c t
e v id e n c e  fo r  a mechanism o f  c i s p l a t i n  o t o t o x i c i t y ,  
s i m i l a r i t i e s  be tween t h e  k idney  and t h e  c o c h l e a  should  no t  
be o v e r l o o k e d .  Good c o r r e l a t i o n s  e x i s t  be tween the  
o t o t o x i c i t y  produced by c e r t a i n  d rug s  and t h e i r  r e n a l  
t o x i c i t y  (Brown and Feldman,  ’78) .  A n t i g e n i c  s i m i l a r i t y  
be tween t h e  c o c h l e a r  3 t r i a  v a s c u l a r i s  and t h e  g l o m e r u l u s ,  
d i s t a l  co nv o lu t e d  t u b u l e s ,  and t he  c o l l e c t i n g  d u c t s  o f  t he  
k i d n e y  hav e  been  r e p o r t e d  by Qu ick  e t  al^. 0 7 3 ) .
Fu t h e r m o r e ,  t h e  k idney  and t he  c o c h l e a  a r e  each  composed of
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h i g h l y  s p e c i a l i z e d  t i s s u e s  whose f u n c t i o n  i n  p a r t  I s  t h e  
t r a n s p o r t  o f  wa t e r  and e l e c t r o l y t e s  a c r o s s  c e l l u l a r  
b a r r i e r s  (Brown and Fe ldman,  '78) .
The a c t i v e  t r a n s p o r t  o f  sodium and p o t a s s i u m  a c r o s s  
c e l l u l a r  membranes i s  o f  g r e a t  p h y s i o l o g i c a l  s i g n i f i c a n c e  
and i s  known to  be c a t a l y s e d  by t he  enzyme Na,K-ATPase.  
l inuma C69) and Bonding (*59) d e t e r m i n e d  b i o c h e m i c a l l y  t h e  
p r e s e n c e  o f  h i g h  Na,K-ATPase a c t i v i t y  in s t r i a  v a s c u l a r i s  
bu t  low a c t i v i t y  in t he  r e m a i n i n g  c o c h l e a r  t i s s u e s .  
U l t r a s t r u c t u r a l  l o c a l i z a t i o n  o f  Na,K-ATPase a c t i v i t y  w i t h i n  
t h e  g u i n ea  p ig  c o c h l e a  d e m o n s t r a t e d  t h e  g r e a t e s t  
c o n c e n t r a t i o n  to be in s t r i a  v a s c u l a r i s ,  s p a r s e r  
c o n c e n t r a t i o n  in s p i r a l  p r om inence ,  and no a c t i v i t y  in  t h e  
r e m a in i n g  c o c h l e a r  t i s s u e  (Hees ,  *83).
Na,K-ATPase in t he  s t r i a  v a s c u l a r i s  i s  t h o u g h t  t o  be 
l a r g e l y  r e s p o n s i b l e  f o r  m a i n t a i n i n g  t h e  d i s t i n c t  ion 
c o m p o s i t i o n  o f  t h e  endolymph (h igh  p o t a s s i u m  and low 
sodium) .  A l t e r a t i o n  o f  e n d o ly m p h a t i c  i o n i c  c o m p o s i t i o n  
has  been d e m o n s t r a t e d  t o  p roduce  d e t e r i o r a t i o n  in  t h e  
m a in t en a nc e  o f  normal  e l e c t r i c a l  a c t i v i t y  w i t h i n  t he  
c o c h l e a  (Brown, *75) and s t r u c t u r a l  damage t o  t h e  h a i r  
c e l l 3  ( K r o n e s t e r - F r e i , *79) .
O b j e c t i v e s
I t  can be p o s t u l a t e d  from t h e  f i n d i n g s  o f  p r e v i o u s  
s t u d i e s  t h a t  t he  p r i m a r y  mechanism o f  c i s p l a t i n  o t o t o x i c i t y
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may I n v o l v e  t h e  enzyme,  Na,K-ATPase.
The pu rpose  o f  t h i s  i n v e s t i g a t i o n  was t o  d e t e r m i n e  t he  
e f f e c t  o f  v a r y i n g  dose s  o f  o i s p l a t i n  on Ha,K-ATPase 
a c t i v i t y  i n  t he  l a t e r a l  w a l l  ( s t r i a  v a s c u l a r i s  and s p i r a l  
l i g a m e n t )  and t o  c o r r e l a t e  t h i s  d a t a  w i t h  c i s p l a t i n - i n d u c e d  
f u n c t i o n a l  and m o r p h o lo g i c a l  changes  in t h e  c o c h l e a .  
F u n c t i o n a l  changes  were a s s e s s e d  w i t h  measu re men t s  o f  l o s s  
o f  P r eye r  r e f l e x  and r e c o r d i n g s  o f  compound a c t i o n  
p o t e n t i a l .  Mo rp h o l o g i ca l  changes  were v i s u a l i z e d  w i th  
s c an n i n g  e l e c t r o n  mic ro scopy .
N u l l  Hyo t he 3 i s  
There  i s  no c o r r e l a t i o n  be tween  o i s p l a t i n  o t o t o x i c i t y  
and Na,K-ATPa3e a c t i v i t y  in t he  l a t e r a l  w a l l  o f  t he  
c o c h l e a .
CHAPTER 2 
Methods and M a t e r i a l s
T e s t  Animals  and T r ea tm en t  S c h e du l e  
Female  H a r t l e y  a l b i n o  g u in ea  p i g 3 ,  we igh ing  f rom 300-  
400g were u t i l i z e d  in 4 t r e a t m e n t  g roups  and 1 c o n t r o l  
group.  The gu in ea  p i g s  had f r e e  a c c e s s  t o  Wayne r a b b i t  
r a t i o n  and wa t e r  c o n t a i n i n g  a s c o r b i c  a c i d .  They were 
m a i n t a i n e d  on a l i g h t - d a r k  c y c l e  (12L.:12D) w i t h  t he  da rk  
c y c l e  o c c u r r i n g  be tween 1900-0700 h o u r s .  The t e m p e r a t u r e  
o f  t h e  a n i m a l  room was 22 1°C. The t i m e  o f  s a c r i f i c e
was be tween 0900 and 1400 ho u r s .  The g u i n e a  p ig3  and 
t r e a t m e n t  l e v e l s  were randomly s e l e c t e d  by a s s i g n i n g  
numbers  t o  t he  gu i nea  p ig  and t r e a t m e n t  l e v e l ,  p l a c i n g  t he  
numbers  in a c o n t a i n e r ,  and d r awing  from t h e  c o n t a i n e r  t h e  
number o f  t h e  an ima l  and t r e a t m e n t  to be u sed .  T r e a tm e n t  
reg imens  c o n s i s t e d  o f  d a i l y  i n t r a p e r i t o n e a l  ( i . p . )  
i n j e c t i o n s  o f  e i t h e r  c i s p l a t i n  (3igma)  or  s t e r i l e  w a t e r  f o r  
12 c o n s e c u t i v e  days  p r i o r  t o  s a c r i f i c e :
Group C i s p l a t i n  (mg/kg per  day)  T o t a l  c i s p l a t i n
dose  (mg/kg)
1 0 . 0 0  0 . 0 0
2 0,42 5 .00
3 0 .83  10.00
4 1 .17  14.00
5 1.50 18.00
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C i s p l a t i n  s o l u t i o n s  were p r e p a re d  d a i l y  by d i l u t i n g  
10 mg c i 3 p l a t i n  in 10 ml s t e r i l e  w a t e r .  Measurement s  o f  t he  
v a r i o u s  p a r a m e t e r s  were pe r fo rmed  on day 13.
E l e c t r o p h y 3 i o l o g i c a l  Method f o r  Reco r d i ng  Compound 
A c t i o n  P o t e n t i a l  from t h e  Round Window 
Guinea  p i g s  were s c r ee ne d  f o r  normal  h e a r i n g  f u n c t i o n  
w i t h  a P r e y e r  r e f l e x  t e s t  e a c h  day  o f  t r e a t m e n t  and on t h e  
day o f  t e s t i n g .  A p o s i t i v e  P reye r  r e f l e x  was r e p r e s e n t e d  
by t h e  cock ing  o f  t h e  g u i n ea  p ig  p in nae  i n  r e s p o n s e  t o  a 
f i n g e r  c l i c k .  The gu inea  p i g s  were a n e s t h e t i z e d  w i t h  2 
mg/kg Ure thane  i n  0.92 s a l i n e ,  i . p . ,  a t r a c h e o t o m y  was 
p e r f o r m ed ,  and t he  body t e m p e r a t u r e  was m a i n t a i n e d  w i th  a 
h e a t i n g  pad, A m o d i f i c a t i o n  o f  t h e  method o f  D a i g n e a u l t  
e t  a l . (*68) was used to  r e c o r d  t h e  compound a c t i o n  
p o t e n t i a l  from th e  round window. The b u l l a  was exposed 
t h r o u g h  a subma nd ib u l a r  app roach .  The t ympani c  membrane,  
bony c o c h l e a ,  round window, and ova l  window were exposed by 
f i r s t  d r i l l i n g  a 1 mm d i a m e t e r  h o l e  i n  t h e  b u l l a  ( d e n t a l  
d r i l l  and b u r r )  and t hen  f u r t h e r  e n l a r g i n g  t h e  opening  w i th  
f o r c e p s .  A Fo rm v a r - c oa t e d  n i c k e l  w i r e  e l e c t r o d e  ( d i a .  0.5 
mm) was p l ac ed  on t he  bony r i d g e  i m m e d i a t e l y  above t h e  
round window. The i n d i f f e r e n t  e l e c t r o d e  was p l aced  in one 
o f  t h e  neck mus c l e s .  The s h i e l d s  o f  t h e  a c t i v e  and 
i n d i f f e r e n t  e l e c t r o d e s  were connec t ed  t o  t h e  ground 
e l e c t r o d e .  The s i g n a l  wa3 fed i n t o  a Gra ss  model  P15
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d i f f e r e n t i a l  A/C m i c r o e l e c t r o d e  p r e a m p l i f i e r .  A c l i c k  
s t i m u l u s  o f  s h o r t  d u r a t i o n  was g e n e r a t e d  in t he  TDH39 
T e l e p h o n i e s  e arphone  by a sq u a r e  wave (0.02 msec d u r a t i o n ,
1 v o l t )  p l a c e d  a c r o s s  t he  t e r m i n a l s  and produced by a Grass  
S88 s t i m u l a t o r .  The t i p  o f  a s m a l l  s p e c u l u m  f i t t e d  i n  t h e  
earphone  was p l ac ed  j u s t  i n s i d e  t he  a u d i t o r y  c a n a l  o f  t he  
g u i n e a  p ig  and was im m ob i l i z ed .  The i n t e n s i t y  o f  t h e  sound 
s t i m u l u s  a t  t he  t i p  o f  t he  speculum was a p p r o x i m a t e l y  60dB 
as  measured  by a Brue l  and Kjaer  sound l e v e l  d e t e c t o r .  The 
o u t p u t  was f ed  i n t o  a N i c o l e t ( m o d e l  NIC ME D-80 )Da ta  
A c q u i s i t i o n  System fo r  s i g n a l  a v e r a g i n g  and d a t a  s t o r a g e  
(20 sweeps ;  10 msec sweep t i m e ) .  The d a t a  was e x p r e s s e d  as 
changes  in a m p l i t u d e  (jjV) and l a t e n c y  (msec) .  La t ency  was 
d e f i n e d  as t he  t i m e  be tween i n i t i a t i o n  o f  c l i c k  and peak o f
D e t e r m i n a t i o n  o f  Na,K-ATPase A c t i v i t y  
A f t e r  c o m p l e t i o n  o f  t h e  r e c o r d i n g  o f  t h e  compound 
a c t i o n  p o t e n t i a l  from the  round window, t he  an ima l  was 
d e c a p i t a t e d  and t h e  p e t r o u s  bone from each t e m p o r a l  bone 
w j s  r emo ve d  f rom t h e  s k u l l .  The c o c h l e a  t o  be u sed  f o r  
d e t e r m i n a t i o n  o f  enzyme a c t i v i t y  was p l ac ed  i m m e d ia t e l y  i n  
i c e - c o l d  d i s t i l l e d  wa t e r .  Under a d i s s e c t i n g  m ic r o sc o p e ,  
t h e  t h i n  o s s e o u s  l a b y r i n t h  o f  t h e  c o c h l e a  was p i cked  away 
to expose  t he  s p i r a l  l i g a m e n t .  F i g u r e  3 d e m o n s t r a t e s  t he  
a n a t o m i c a l  r e l a t i o n s h i p  be tween t h e  l a t e r a l  wa l l  ( s p i r a l
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F i g u r e  3
Microg raph  d e m o n s t r a t i n g  t h e  a n a t o m i c a l  r e l a t i o n s h i p  
o f  t h e  l a t e r a l  w a l l  w i th  t h e  o s s eou s  l a b y r i n t h  (OL). The 
l a t e r a l  w a l l  c o n s i s t s  o f  t h e  s t r i a  v a s c u l a r i 3  (SV) and t h e  
s p i r a l  l i g a m e n t  (SL).  Bar i n d i c a t e s  50 jjm.
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l i g a m e n t  and s t r i a  v a s c u l a r i s )  and t h e  o s s e o u s  l a b y r i n t h .
In u n f i xe d  t i s s u e ,  as  u t i l i z e d  f o r  d e t e r m i n a t i o n  o f  Na,K- 
ATPase a c t i v i t y ,  t h e  l a t e r a l  w a l l  i s  in i n t i m a t e  c o n t a c t  
w i t h  t he  o s s e o u s  l a b y r i n t h .  P r e c i s e  d i s s e c t i o n  o f  the  
s t r i a  v a s c u l a r i s  from t h e  s p i r a l  l i g a m e n t  was no t  con­
s i s t e n t l y  a ch i eve d  by t h i s  i n v e s t i g a t o r .  T h e r e f o r e ,  
sp e c i m en s  o f  t he  e n t i r e  l a t e r a l  w a l l  were p u l l e d  away from 
t h e  b a s i l a r  membrane and p l ac ed  in 5 p i  i c e - c o l d  d i s t i l l e d  
w a t e r .  The t i s s u e  was hand -homogeni zed  w i t h  a t u b e - a n d -  
p e s t l e  t i s s u e  g r i n d e r  (100-1000  p i  c a p a c i t y ;  F i s h e r )  and 
a d d i t i o n a l  d i s t i l l e d  w a t e r  ( a p p r o x i m a t e l y  20 p i )  was added 
t o  wash t h e  s i d e s  o f  t he  t ube .  The t i s s u e  was l y o p h i l i z e d  
a t  -70°C o v e r n i g h t  and s t o r e d  a t  -20°C.  A f t e r  
r e c o n s t i t u t i n g  t h e  f r e e z e - d r i e d  t i s s u e  w i t h  125 p i  
d i s t i l l e d  w a t e r ,  10 p i  o f  t h e  enzyme s u s p e n s i o n  was added 
t o  100 p i  o f  r e a c t i o n  medium;  (60 mM NaC1, 6 mM KC 1, 3 mM 
MgCl2 , 30 mM T r i s ,  3 mM Adenos ine  5 ' - T r i p h o s p h a t e  [ d i s od iu m  
s a l t ,  eq u in e  m u sc l e ] ,  pH 7.3) and i n c u b a t e d  a t  37 °C w i t h  
a g i t a t i o n  f o r  1 hour .  The l i n e a r i t y  o f  t h e  r e a c t i o n  w i t h  a 
one hour  i n c u b a t i o n  t i m e  and a p r o t e i n  c o n c e n t r a t i o n  of  
1-5 pg was p r e v i o u s l y  d e t e r m i n e d  by I i numa C67) and c on f i r m ed  
i n  p r e l i m i n a r y  e x p e r i m e n t s  by t h i s  i n v e s t i g a t o r .  To 
measu re  Ha,K-ATPase a c t i v i t y  r e s i s t a n t  t o  o u a b a i n  (Mg- 
dependen t  ATPase),  10-1* M ouab a in  was i n c l u d e d  i n  t he  
p r e i n c u b a t i o n  m i x t u r e .  The r e a c t i o n  was s topped  w i th
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100 p i  o f  i c e - c o l d  10% w/v t r i c h l o r o a c e t i c  a c i d .  A 
m o d i f i c a t i o n  o f  t h e  method o f  F i s k e  and SubbaRow (*25) was 
used f o r  p ho sp ha t e  d e t e r m i n a t i o n ;  75 jul o f  d i s t i l l e d  w a t e r ,  
100 p i  o f  m o l y b d a t e - H 2 S 0 ^  i n  15% NaHSO^ and 2 5 p l  r e d u c i n g  
r e a g e n t  ( 1 , 2 ,M - a m i n o n a p t h a l s u i f o n i c  a c i d  i n  15% NaHSO^) was 
added t o  t he  r e a c t i o n  m i x t u r e .  The c o n c e n t r a t i o n  o f  
p r o t e i n  in t h e  a l i q u o t s  o f  homogenate  was measured  u s i n g  
t he  method o f  Lowry j^t a l .  ( ' 51) .  Measurement s  o f  Na,K- 
ATPase a c t i v i t y  were c a l c u l a t e d  as  t h e  d i f f e r e n c e  be tween  
t he  a c t i v i t i e s  o b t a i n e d  from o u a b a i n - a b s e n t  and o u a b a i n -  
p r e s e n t  media  and were e x p re s s e d  a s  m ic ro m o l e s  o f  
i n o r g a n i c  pho sph a t e  s p l i t  o f f  from ATP pe r  mg p r o t e i n  per  
hour  (prnoles Pi /mg p r o t e i n / h r ) .
Scann ing  E l e c t r o n  Microscopy 
The d i s s e c t e d  p e t r o u s  bone w i t h  c o c h l e a  i n t a c t  was 
immersed in f i x a t i v e  c o n s i s t i n g  o f  4% g l u t a r a l d e h y d e  and 4% 
s u c r o s e  i n  0.2M s - c o l l i d i n e  b u f f e r ,  pH 7.3.  Whi le  immersed  
in f i x a t i v e ,  t h e  s t a p e s  was removed from the  o v a l  window 
and t h e  round window was p un c tu r e d  w i t h  a m i c r o - p r o b e .  A 
h o l e  was p l a c e d  in t h e  apex  w i t h  a m i c r o - p r o b e .  The 
f i x a t i v e  was g e n t l y  and s l o w l y  p e r f u s e d  t h r o u g h  t h e  round 
window u s i n g  a s y r i n g e  w i th  t u b in g  a t t a c h e d  t o  a 22 gauge 
n e ed l e .  The c o c h l e a  r emained  in f i x a t i v e  f o r  24 h. 
D e c a l c i f i c a t i o n  was c a r r i e d  ou t  in 5% EDTA ( d i s od iu m  3 a l t )  
i n  0 . 1M pho spha t e  b u f f e r .  The s o l u t i o n  was changed once
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a f t e r  24 h and t h e  c o c h l e a  r e m a i n e d  i n  s o l u t i o n  f o r  an 
a d d i t i o n a l  24 h.  The c o c h l e a  was washed w i t h  4% 
g l u t a r a l d e h y d e  i n  0 . 1M pho sph a t e  b u f f e r ,  pH 7.3. The 
t i s s u e  was p o s t - f i x e d  f o r  1 h i n  c o l d  2% OsOq 
( P o l y s c i e n c e s ,  Inc . )  i n  0 . 1M p h o sp ha t e  b u f f e r ,  pH 7.3 
fo l l o w ed  by a wash w i t h  phospha t e  b u f f e r  (0.1H,  pH 7-3).  
Next t h e  c o c h l e a  was d e h y d r a t e d  t h ro ug h  a g r ade d  s e r i e s  o f  
s t h a n o l / H g 0 s o l u t i o n s  (30%, 50%, 70%, 80%, 90%, 95%, and 
100%) w i t h  m i c r o d i s s e c t i o n  comple t ed  a t  70% HgO/e thanol .  
The t i s 3 ue was c r i t i c a l  p o i n t  d r i e d  w i t h  C02 a s  t h e  
t r a n s i t i o n a l  f l u i d ,  mounted on an a luminum 3bub w i th  
s i l v e r  p a s t e ,  and coa t ed  w i th  g o l d - p a l l a d i u m  in a s p u t t e r -  
c o a t e r .  The spec imen  was examined w i t h  an H i t a c h i  3430 
s can n i ng  e l e c t r o n  mic roscope  w i th  s p e c i a l  a t t e n t i o n  g iven  
to t h e  morphology o f  t h e  i n n e r  and o u t e r  h a i r  c e l l s .  
Measurement s  o f  h a i r  c e l l  l o s 3  were d e t e r m i n e d  by c o u n t i n g  
t h e  nu m ber  o f  m i s s i n g  h a i r  c e l l s  o u t  o f  a s e g m e n t  o f  t h e  
b a s i l a r  membrane n o r m a l l y  c o n t a i n i n g  50 h a i r  c e l l s  per  row.
S t a t i s t i c s
The mean and t h e  s t a n d a r d  e r r o r  o f  t h e  mean we re  
d e t e r m i n e d  f o r  e x p e r i m e n t s  measu r ing  h a i r  c e l l  l o s s ,  Na,K- 
ATPase a c t i v i t y  and N-| a m p l i t u d e .  One-way a n a l y s i s  o f  
v a r i a n c e  (AN0VA) was used fo r  t h e  s t a t i s t i c a l  e v a l u a t i o n  
and the  Duncan t e s t  was used fo r  p o s t  hoc c o m p a r i s o n .
CHAPTER 3 
. , R e s u l t s
P r e y e r  R e f l e x  T e s t  
C i s p l a t i n - l n d u c e d  h e a r i n g  l o s s  as  d e t e r m i n e d  by P r e y e r  
r e f l e x  t e s t  was d o 3 e - r e l a t e d  (Tabl e  1). A p o s i t i v e  P reye r  
r e f l e x  o c c u r r e d  in g u i n e a  p ig s  from the  c o n t r o l  group and 
from th e  0.42 dose  group .  In t he  0,83 and 1,17 mg/kg dose 
g roups ,  2 /6  and 4 /6  g u i n ea  p i g s  e x h i b i t e d  a l o s s  o f  P r e ye r  
r e f l e x  r e s p o n s e ,  r e s p e c t i v e l y .  Al l  o f  t h e  gu in ea  p i g s  in 
t h e  h igh  dose  g roup  (1.5 mg/kg) showed a l a c k  o f  P r e ye r  
r e f l e x  r e s p o n s e .  The ave rage  number o f  days  be tween t he  
f i r s t  day o f  t r e a t m e n t  and l o s s  o f  P r e y e r  r e f l e x  a p p ea r r e d  
t o  be i n v e r s e l y  d o s e - r e l a t e d .
The m a j o r i t y  o f  t h e  gu in ea  p i g s  t r e a t e d  wi th  va ry ing  
dose s  o f  c i s p l a t i n  were a c t i v e ,  e x h i b i t e d  normal  grooming 
h a b i t s ,  and d i s p l a y e d  a normal  g a i t .  Only one ca se  of  
m o r t a l i t y  oc c u r r e d  and t h i s  was a 1.5 mg/kg dose  t r e a t e d  
an imal  (Tab l e  1 ) .
Compound Ac t i o n  P o t e n t i a l  
The a m p l i t u d e  o f  t h e  M-j r e s p o n s e  t o  an one v o l t  c l i c k  
was -91 .00  + / -  -4 .30 pV and t h e  l a t e n c y  was 1.47 + / -  0.04 
msec.  In c i s p l a t i n - t r e a t e d  a n i m a l s ,  s u p p r e s s i o n  o f  (J-] 
a m p l i t u d e  and i n c r e a s e  in l a t e n c y  appea red  to  be do se -  
r e l a t e d  b u t  v a r i e d  a g r e a t  d e a l  be tween  a n i m a l s  o f  t he  same 
t r e a t m e n t  group (Tab le  2) .  The a m p l i t u d e  and l a t e n c y  o f  N-i
a  '
TABLE 1
PREYER REFLEX TEST IN GUINEA PIGS 
AFTER 12 DAYS OF CONSECUTIVE CISPLATIN TREATMENT
Dai ly  Dose Number That  Died/  Number wi th  Preyer  Average Day o f  Loss
(mg/kg) Number T rea ted  Ref lex Loss/Number o f  P r e y e r ' s  Ref lex
Tes ted
0 .00 0/5 0/6 -
0.42 0/6 0/6 -
0.83 0/6 2/5 11
1.17 0 /6 4 / 6 10
1.50 1/0 6/6 8
M
O '
TABLE 2
CISPLATIN'S EFFECT ON COMPOUND ACTION 
POTENTIAL (CAP) IN GUINEA PIGS
Dos9 (mg/kg)  Ni o f  CAP3
Ampl i t ude  (pV) L a t en c y  (msec)
Co n t r o l - 9 1 . 0  + / -  - 4 . 3 1 .47  + / -  0 . 04
0.42 - 7 1 . 2  + / -  - 1 7 . 7 1.63 + / -  0 . 06
0 .8 3 -4 8 . 2  + / -  - 11 .1 1.66 + / -  0 . 05
1.17 - 4 9 . 2  + / -----22 .3 ___b
1.50 ___ c ___c
a Values  r e p r e s e n t  mean + / -  SEM, n=5.  
k Absence o f  r e s p o n s e  (n=3) p r o h i b i t e d  c a l c u l a t i o n  
o f  mean.
c Complete s u p p r e s s i o n  o f  CAP in  a l l  gu inea  p i g s .
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was no t  s t a t i s t i c a l l y  d i f f e r e n t  be tween  t r e a t m e n t  g roups  a t  
p<0.05.  Complete s u p p r e s s i o n  o f  t h e  compound a c t i o n  
p o t e n t i a l  o c c u r r e d  i n  50* o f  t h e  1.17 mg/kg and a l l  o f  t h e  
a n i m a l s  in t he  1.50 mg/kg dose g r ou ps .  A good c o r r e l a t i o n  
e x i s t e d  be tween s u p p r e s s i o n  o f  t h e  a c t i o n  p o t e n t i a l  and 
l o s s  o f  P r eye r  r e f l e x .  R e p r e s e n t a t i v e  t r a c i n g s  o f  the  
a c t i o n  p o t e n t i a l  a r e  shown in f i g u r e  4. The f i r s t  
pronounced peak seen i s  c l a s s i f i e d  as Nj. Values  f o r  H1 in  
f i g u r e  4 a r e  "94 jjV, 1.56 msec f o r  t h e  c o n t r o l  and 
“ 56 pV, 1.79 msec fo r  the  0.83 mg/kg t r e a t e d  an ima l .  
Comple te  s u p p r e s s i o n  o f  t he  a c t i o n  p o t e n t i a l  o c c u r r e d  in  
t he  g u in ea  p i g s  t r e a t e d  w i th  1.50 mg/kg c i s p l a t i n .
Scann ing  E l e c t r o n  Microscopy
Scann ing  e l e c t r o n  mic ro scopy  r e v e a l e d  s u r f a c e  
morphology o f  many c o c h l e a r  s t r u c t u r e s  i n c l u d i n g  t h e  i n n e r  
h a i r  c e l l s ,  o u t e r  h a i r  c e l l s ,  s u p p o r t i n g  c e l l 3 ,  R e i s s n e r ' s  
membrane,  t e c t o r i a l  membrane and t h e  m o d io l u s  ( f i g .  5a) .
The o r d e r l y  p a t t e r n  o f  t h e  3 rows  o f  o u t e r  h a i r  c e l l 3  and 
one  row o f  i n n e r  h a i r  c e l l s  i s  o b v i o u s  i n  f i g u r e  5b i n  
a d d i t i o n  to t he  "V" or  "W11 shape o f  t h e  i n d i v i d u a l  o u t e r  
h a i r  c e l l  s t e r e o c l l i a  and f e n c e p o s t - s h a p e  o f  t h e  i n n e r  
h a i r  c e l l  s t e r e o c l l i a .
In gu in ea  p i g s  t r e a t e d  w i th  c i s p l a t i n ,  damage o c c u r r e d  
s p o r a d i c a l l y  t h r o u g h o u t  t he  burns  o f  t h e  c o c h l e a  w i t h  
g r e a t e s t  p redominance  In the b a s a l  t u r n .  The p e r c e n t a g e  o f
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F i g u r e  4
R e p r e s e n t a t i v e  t r a c i n g s  o f  t he  c o c h l e a r  compound 
a c t i o n  p o t e n t i a l  i n i t i a t e d  w i th  an one v o l t  c l i c k  ( a r ro w ) .  
The f i r 3 t  pronounced n e g a t i v e  peak i s  c l a s s i f i e d  as Nj.
DOSE (mg/kg)
0.83
VM/1.50
t
50 mv
1 msec
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F i g u r e  5
V i s u a l i z a t i o n  w i th  s c a n n i n g  e l e c t r o n  mic ro scopy  o f  
c o c h l e a r  s t r u c t u r e s  in n o n - t r e a t e d  gu i nea  p i g s .  5a.  View 
o f  a p o r t i o n  o f  one o f  t h e  fou r  and one h a l f  t u r n s  o f  t h e  
c o c h l e a .  Shown h e re  a r e  R s i s s n e r ' s  membrane (R), t e c t o r i a l  
membrane (T), i n n e r  h a i r  c e l l s  ( I ) ,  o u t e r  h a i r  c e l l s  (0) ,  
t he  s u p p o r t i n g  c e l l s  ( S ) t and t h e  mod io lu s  (M). Bar 
i n d i c a t e s  50 pm. 5b. Higher  m a g n i f i c a t i o n  o f  t h e  h a i r  
c e l l s .  Note t h e  o r d e r l y  and c h a r a c t e r i s t i c  p a t t e r n  o f  t h e  
s t e r e o c l l i a .  Bar i n d i c a t e s  5 pm.
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m i s s i n g  h a i r  c e l l s  o u t  o f  a t o t a l  o f  50 h a i r  c e l l s  i n  t h e  
b a s a l  t u r n  ( a p p r o x i m a t e l y  2mm from round window) was 
c a l c u l a t e d  f o r  t h e  v a r i o u s  c o n c e n t r a t i o n s  o f  c i s p l a t i n  
a d m i n i s t e r e d  ( f i g .  6).  Mic rog raphs  r e p r e s e n t i n g  c i s p l a t i n -  
i nduced  damage a t  d i f f e r e n t  dosa ges  a d m i n i s t e r e d  a r e  shown 
in f i g u r e  7 and 3. The b a s a l  t u r n  proved t o  be t he  most  
r e l i a b l e  a r e a  for  q u a n t i t a t i o n  s i n c e  a g r e a t e r  i n c i d e n c e  o f  
a n a t o m i c a l  v a r i a t i o n  oc c u r r e d  in t h e  upper  c o c h l e a r  t u r n s .  
The i n n e r  h a i r  c e l l s  were much more r e s i s t a n t  t o  l o s s  o f  
s t e r e o c l l i a  t han  o u t e r  h a i r  c e l l s  a t  t h e s e  dose  l e v e l s .
Mean v a l u e s  o f  t he  p e r c e n t a g e  o f  m i s s i n g  c e l l s  f o r  o u t e r  
h a i r  c e l l  rows one ,  two,  and t h r e e  were no t  s i g n i f i c a n t l y  
d i f f e r e n t  from each o t h e r .  At 0.M2 and 0,83 mg/kg dose  
l e v e l s ,  t h e  number o f  o u t e r  h a i r  c e l l s  m i s s i n g  was no t  
s t a t i s t i c a l l y  d i f f e r e n t  from c o n t r o l  a n i m a l s  a l t h o u g h  a 
t e n d e n c y  f o r  an i n c r e a s e  in  I 033 was seen a t  0.83 mg/kg 
c i s p l a t i n .  A d r a m a t i c  l o s s  o f  o u t e r  h a i r  c e l l s  o c c u r r e d  a t  
1.17 and 1.5 mg/kg c i s p l a t i n .
Changes in h a i r  c e l l  morphology ,  i n  a d d i t i o n  to  
c o m p l e t e  I 033 o f  h a i r  c e l l  s t e r e o c l l i a ,  o c c u r r e d  t h ro u g h o u t  
a l l  t u r n s  o f  t he  c o ch l ea  and in bo th  i n n e r  h a i r  c e l l s  and 
o u t e r  h a i r  c e l l s .  Degrees  o f  h a i r  c e l l  s t e r e o c l l i a  
d i s t o r t i o n  were r e p r e s e n t e d  by s e p a r a t i o n ,  s p r a y i n g ,  
c l u m p in g ,  f o r m a t i o n  o f  b l e b 3  on t he  p l a sma  membrane,  
e x p u l s i o n  o f  h a i r  c e l l  c o n t e n t s  i n t o  e n d o ly m p h a t i c  s p a c e ,
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F i g u r e  6
Dose - r e spon se  cu rve  o f  t he  p e r c e n t a g e  o f  h a i r  c e l l  
l o s s  in t he  b a s a l  t u r n .  Mi s s ing  h a i r  c e l l s  were d e t e r m i n e d  
f rom a t o t a l  o f  50 h a i r  c e l l s  i n  e a c h  r o w ;  i n n e r  h a i r  c e l l s  
(IHC), o u t e r  h a i r  c e l l  row one (0HC1), o u t e r  h a i r  c e l l  row 
two (OHC 2),  and o u t e r  h a i r  c e l l  row t h r e e  (0HC3). Values  
r e p r e s e n t  mean and b a r s  r e p r e s e n t  SEM (n=6).
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F i g u r e  7
V i s u a l i z a t i o n  o f  h a i r  c e l l  s t e r a o c i l i a  damage a t  
d i f f e r e n t  c i s p l a t i n  t r e a t m e n t  l e v e l s .  7a.  0.42 mg/kg 
7b. 0.83 mg/kg.  Bars  i n d i c a t e  5 pm.
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.
7a
7b
38
F i g u r e  8
V i s u a l i z a t i o n  o f  h a i r  c e l l  3 t e r e o c i l i a  f rom c i s p l a t i n -  
t r e a t e d  a n i m a l s .  8a.  1.17 mg/kg 8b. 1.50 mg/kg.  Bar3 
i n d i c a t e  5 pm.
8a
8b
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and s c a r r i n g  o f  t h e  p h a l a n g e a l  p l a t e  (Fig .  9 and 10).  Of 
t he3e  d e g r e e s  o f  h a i r  c e l l  d i s t o r t i o n ,  on ly  s e p a r a t i o n  and 
s p r a y i n g  o f  3 t e r e o c i l i a  and s c a r r i n g  o f  t h e  p h a l a n g e a l  
p l a t e  were s i g n i f i c a n t l y  obse rved  in t h e  0.42 and 0.83 dose  
g ro up s .  Al l  d e g re e s  o f  h a i r  c e l l  d i s t o r t i o n  and t h e  
p r ea en c e  o f  c e l l u l a r  d e b r i s  were no ted  in t he  h i g h e r  dose3 
(1.17 and 1.50 mg/kg c i s p l a t i n ) .
S u r f a c e  morphology o f  o t h e r  c o c h l e a r  s t r u c t u r e s  such  as  
s t r i a  v a s c u l a r i s ,  s u p p o r t i n g  c e l l s ,  t e c t o r i a l  membrane,  and 
R e i s s n e r ' s  membrane were examined in a d d i t i o n  t o  t he  h a i r  
c e l l s  b u t  d e t e c t a b l e  m o r p h o l o g i c a l  changes  i nduced  by 
c i s p l a t i n  t r e a t m e n t  were no t  ob se rv ed .
Ha,K-ATPa3e A c t i v i t y
The mean l e v e l  o f  Na,K-ATPase a c t i v i t y  in t h e  c o c h l e a r  
l a t e r a l  w a l l  o f  c o n t r o l  gu in ea  p i g s  was 1.21 + / - 0 . 2 3  limol 
P i /mg p r o t e i n / h r .  Na, K-ATPase a c t i v i t y  was n o t  
s t a t i s t i c a l l y  s i g n i f i c a n t  be tween t r e a t m e n t  g roups .  Mean 
v a l u e s  V -  S.E.M. o f  Na,K-ATPase a c t i v i t y  f o r  each 
t r e a t m e n t  g roups  a r e  3hown in  f i g u r e  11.
F i g u r e  9
Scanning e l e c t r o n  mio ro g r ap h  d e m o n s t r a t i n g  
v a r i o u s  d e g r e e s  o f  h a i r  c e l l  s t e r e o c i l i a  d i s t o r t i o n .  
9a.  S e p a r a t i o n  and s p r a y i n g  in o u t e r  h a i r  c e l l s .
9b.  Forma t ion  o f  b l e b s  in i nn e r  h a i r  c e l l s .  Bars  
i n d i c a t e  5 pm.

M3
F i g u r e  10
Scanning e l e c t r o n  m ic ro g ra p h  d e m o n s t r a t i n g  h a i r  c e l l  
s t e r e o c i l i a  d i s t o r t i o n .  10a. Clumping in i n n e r  h a i r  
c e l l s .  10b. Expul s ion  o f  o u t e r  h a i r  c e i l  c o n t e n t s  i n t o  
e n do ly m ph a t i c  spa ce .  Bars  i n d i c a t e  5 pm.
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F i g u r e  11
Ha,K-ATPase a c t i v i t y  (jimol Pi /mg p r o t e i n / h r )  i n  t h e  
l a t e r a l  w a l l  o f  t h e  c o c h l e a  a f t e r  t r e a t m e n t  w i t h  c i s p l a t i n  
or  s t e r i l e  wa t e r .  Values  shown a r e  t h e  mean + / -  SEH, (n=6) .
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CHAPTER 4 
D i s c u s s i o n
I n t r o d u c t i o n
The o b j e c t i v e s  o f  t h i 3  i n v e s t i g a t i o n  were  t w o f o l d .  
F i r s t ,  t h e  e f f e c t s  o f  v a r y i n g  doses  o f  c i s p l a t i n  were  to  be 
examined w i th  r ega r d  to f u n c t i o n a l  changes  as  d e t e r m i n e d  by 
measu remen t s  o f  P r eye r  r e f l e x  l o s s  and c o c h l e a r  compound 
a c t i o n  p o t e n t i a l  and w i t h  r eg a r d  t o  m o r p h o l o g i c a l  changes  a s  
v i s u a l i z e d  w i t h  s cann in g  e l e c t r o n  mic ro sc opy .  Second ly ,  
t he  p r e s e n c e  or  ab sence  o f  a c o r r e l a t i o n  be tween  c i s p l a t i n  
o t o t o x i c i t y  and Na,K-ATPasa in t he  l a t e r a l  w a l l  was t o  be 
d e t e r m i n e d .  These g o a l s  were u l t i m a t e l y  a ch i e v e d .
Dose E f f e c t s  o f  C i s p l a t i n
Guinea p i g s  t r e a t e d  f o r  12 c o n s e c u t i v e  days  w i t h  a
g raded  dose r ange  from 0.42 t o  1.50 mg/kg c i s p l a t i n ,  i . p . ,
d e m o n s t r a t e d  d o s e - d e p e n d e n t  o t o t o x i c  e f f e c t s .  Hear ing
f u n c t i o n ,  as d e t e r m i n e d  w i t h  r e c o r d i n g s  o f  compound a c t i o n
p o t e n t i a l  and w i th  P r e ye r  r e f l e x  t e s t ,  r anged  be tween
normal  v a l u e s  t o  co m p le t e  h e a r i n g  i m p a i r m e n t .  De a fnes s ,  as
d e t e r m i n e d  by l o s s  o f  P r e ye r  r e f l e x ,  occured  a t  a t o t a l
c i s p l a t i n  dose be tween 9 and 12 mg/kg i n  a l l  t r e a t m e n t
g roups .  O b s e r v a t i o n s  from scann in g  e l e c t r o n  m ic r o s co p y
i n d i c a t e d  no s i g n i f i c a n t  m o r p h o l o g i c a l  changes  a t  low
d o s e s ,  b u t  d id  i n d i c a t e  d r a m a t i c  h a i r  c e l l  l e s i o n s  a t  h igh
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dose s .  Only one ca s e  o f  m o r t a l i t y  o c c u r r e d  f o r  t h e  d03es  
a d m i n i s t e r e d  and t h i s  was a 1.5 mg/kg t r e a t e d  a n im a l .  In 
agr eemen t  w i t h  t h e s e  f i n d i n g s ,  F l e i s ch m an  £ t  a l .  075)  
r e p o r t e d  d e a f n e s s  ( l o s s  o f  P r e ye r  r e f l e x )  in a l l  g u i n ea  
p i g s  t r e a t e d  w i t h  1.50 mg/kg c i s p l a t i n ,  i . p . ,  f i v e  t i m e s  
p e r  week f a r  an a v e r a g e  o f  12 da y s  and e s t a b l i s h e d  t h e  LD^q 
t o  be g r e a t e r  than  1.5 mg/kg.  The i n c i d e n c e  o f  m o r t a l i t y  
in t he  p r e s e n t  s t u d y  and t h a t  o f  F l e i s ch m an  ejt al.  0 7 5 )  
may be a t t r i b u t a b l e  to t h e  n e p h r o t o x i c  a c t i o n s  o f  
c i s p l a t i n .  N e p h r o t o x i c i t y  i s  t he  d o 3 e - l i m i t i n g  f a c t o r  f o r  
c i s p l a t i n  t r e a t m e n t  and i s  p o t e n t i a l l y  l i f e - t h r e a t e n i n g  
( G o l d s t e i n  and Mayor,  ' 83 ) .
Na,K-ATPase A c t i v i t y  i n  C o c h l e a r  L a t e r a l  Wall  
C i s p l a t i n  was s u g g e s t e d ,  by t h i s  a u t h o r ,  t o  c a u se  
c o c h l e a r  t o x i c i t y  by a l t e r i n g  t h e  l e v e l  o f  Na,K-ATPase 
a c t i v i t y  in t h e  l a t e r a l  w a l l ,  t h e r e b y  c a u s i n g  abnormal  
f u n c t i o n i n g  o f  t he  c o c h l e a .  Our d a t a ,  however ,  
d e m o n s t r a t e d  t h a t  t h e  l e v e l  o f  Na,K-ATPase a c t i v i t y  in t h e  
l a t e r a l  wa l l  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  be tween t he  
c o n t r o l  group and t he  c i s p l a t i n - t r e a t e d  g r ou ps .  C i s p l a t i n  
o t o t o x i c i t y ,  a s  d e t e r m i n e d  by m ea su r em en t s  o f  P r ey e r  
r e f l e x ,  compound a c t i o n  p o t e n t i a l  and m o r p h o l o g i c a l  changes  
in h a i r  c e l l s ,  was n o t  d i r e c t l y  r e l a t e d  t o  Na,K-ATPase 
a c t i v i t y  in t h e  l a t e r a l  w a l l .  The n u l l  h y p o t h e s i s  in  t h e  
p r e s e n t  s t u d y ,  t h e r e f o r e ,  was no t  r e j e c t e d .  These r e s u l t s
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s u p p o r t  r e c e n t  f i n d i n g s  o f  Koniah i  e t  a l .  0 8 4 ) ,  who 
t r e a t e d  gu inea  p i g s  w i t h  1.5 mg/kg c i s p l a t i n ,  i . p . ,  f i v e  
t i m e s  a week u n t i l  e l e o b r o c o c h l e o g r a m s  showed p e r s i s t e n t  
and comple t e  s u p r e s s i o n  o f  t h e  a c t i o n  p o t e n t i a l .  R e s u l t s  
from the  e l e c b r o p h y s i o l o g i c a l  and b i o c h e m i c a l  m ea su r e m e n t s  
showed l i t t l e  o r  no e f f e c t  o f  c i s p l a t i n  t r e a t m e n t  on t he  
e n d o c o c h l e a r  p o t e n t i a l  o r  on t h e  e l e c t r o l y t e  c o n c e n t r a t i o n s  
in endolymph and p e r i l y m p h .  The f i n d i n g s  o f  our  e x p e r i ­
men t s  and t h o s e  o f  Kon i sh i  e t  a K ,  084)  s u g g e s t  t h a t  t h e  
p r i m a r y  o t o t o x i c  e f f e c t  o f  c i s p l a t i n  13 no t  on t h e  enzyme,  
Na,K-ATPase in t h e  l a t e r a l  w a l l .
Morpho log i ca l  Changes in  S e ns o r y  H a i r  C e l l 3
P o s s i b l e  s i t e s  f o r  t h e  t o x i c  a c t i o n s  o f  a drug  i n  t h e  
c o c h l e a  i n c l u d e ;  i n n e r  h a i r  c e l l s ,  o u t e r  h a i r  c e l l s ,  
s u p p o r t i n g  c e l l s ,  s t r i a  v a s c u l a r i 3 ,  R e i s s n e r ' s  membrane,  and 
t he  t e c t o r i a l  membrane.  R e s u l t s  from o b s e r v a t i o n s  w i t h  
s c an n in g  e l e c t r o n  mic ro sc op y  i n  t h e  p r e s e n t  s t u d y  s u g g e s t  
t h a t  c i s p l a t i n ' s  p r i m a ry  t o x i c  e f f e c t  was on t h e  o u t e r  and 
i n n e r  h a i r  c e l l s .
The p a t t e r n  o f  h a i r  c e l l  d e g e n e r a t i o n  i nduced  by 
c i s p l a t i n  wa3 d e t e r m i n e d .  Sp o r ad i c  d e g e n e r a t i o n  o f  t h e  
h a i r  c e l l s  o c c u r r e d  t h r o u g h o u t  t h e  o rgan  o f  C o r t i  w i t h  a 
s t r o n g  p r e v a l a n o e  in t h e  b a s a l  t u r n  and w i t h  no s i g n i f i c a n t  
d i f f e r e n c e  be tween rows o f  o u t e r  h a i r  c e l l s .  Ou te r  h a i r  
c e l l  l o s 3  appea red  t o  be d o s e - d e p e n d e n t .  I n n e r  h a i r  c e l l s
50
were much more r e s i s t a n t  t o  d r u g - i n d u c e d  l o s 3  o f  
s t e r e o c i l i a .  In c o n t r a s t  t o  t h e s e  r e s u l t s ,  Koni sh i  ejt a l .  
0 8 3 ) ,  Na ka i  e t  a l .  0 8 2 ) ,  Tange  e t  _al. 0 8 0 ) ,  and 
F l e i s chm an  o t  a l .  (*75) r e p o r t e d  t h a t  o u t e r  h a i r  c e l l s  row 
one was more s u s c e p t i b l e  t o  damage t han  o u t e r  h a i r  c e l l s  
rows two and t h r e e .  Upon c l o s e  e x a m i n a t i o n  o f  p u b l i s h e d  
co ch l eog rams  o f  t he  b a s a l  t u r n  from Tange e t  a l .  082 )  and 
from F l e i s chman  ej; a l . 0 7 5 ) ,  t h e  rows o f  o u t e r  h a i r  c e l l s  
d id  no t  appea r  t o  be s i g n i f i c a n t l y  d i f f e r e n t .  Cochleograms 
o r  a c t u a l  d a t a  f o r  h a i r  c e l l  I 033 was n o t  p u b l i s h e d  in  
r e p o r t s  by K o n i 3 h i  e t  al^. 0 8 3 )  o r  by N a k a i  e t  a l .  0 8 2 ) .
The d e g e n e r a t i o n  p a t t e r n  o f  c i s p l a t i n  a p p e a r s  t o  be 
somewhat  d i f f e r e n t  from the  a m i n o g l y c o s i d e s .  Tange o t  a l .  
0 8 2 )  r e p o r t e d  t h a t  t he  d e g e n e r a t i o n  p r o c e s s  f o r  c i s p l a t i n  
i n t o x i c a t e d  o u t e r  h a i r  c e l l s  i s  more s p o r a d i c  w h i l e  t h e  
g e n t a m i c i n  d e g e n e r a t i o n  i s  more c o n t i n u o u s .  Our d a t a  i s  in 
ag r eemen t  wi th  Tange showing s p o r a d i c  h a i r  c e l l  
d e g e n e r a t i o n  t h r ou gh o u t  t he  t u r n s  o f  t he  c o c h l e a .
I t  i s  n o t  f u l l y  u n d e r s t o o d  a t  t h i s  t i m e  why o u t e r  h a i r  
c e l l s  a r e  more v u l n e r a b l e  t han  i n ne r  h a i r  c e l l s .  I t  has  
been su g g e s t e d  by Lim 071)  t h a t  o u t e r  h a i r  c e l l s  a r e  
r a e t a b o l l i c a l l y  more a c t i v e  than  i n n e r  h a i r  c e l l s  and,  
t h e r e f o r e ,  more s u s c e p t i b l e  t o  t r auma.  In a d d i t i o n ,  o u t e r  
h a i r  c e l l s ,  u n l i k e  i n n e r  h a i r  c e l l s  a r e  su r rounde d  by l a r g e  
e x t r a c e l l u l a r  s p a c e s  ( s p a c e s  o f  Nuel ,  f i g .  1) t h a t  may
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a l l o w  g r e a t e r  exposure  t o  d ru gs  p o 3 3 i b ly  l o c a l i z e d  i n  t he  
c o r t i l y m p h .
D i s t o r t i o n  o f  h a i r  c e l l  s t e r e o c i l i a  o c c u r r e d  In bo th  
i n ne r  h a i r  c e l l s  and o u t e r  h a i r  c e l l s  and was r e p r e s e n t e d  
by s e p a r a t i o n ,  s p r a y i n g ,  f o r m a t i o n  o f  b l e b s ,  c l um p i ng ,  
e x p u l s i o n  o f  h a i r  c e l l  c o n t e n t s ,  and s c a r r i n g  o f  t he  
p h a l a n g e a l  p l a t e .  Ha i r  c e l l  3 t e r e o c l l i a  d i s t o r t i o n  has  
a l s o  been r e p o r t e d  in a m i n o g l y c o s i d e - i n t o x i c a t e d  c o c h l e a s  
( W e r s a l l  e t  _a l . , ' 7 3 ) ,  i n  a c o u s t i c  t r a u m a  ( L im ,  ’7 6 ) ,  and 
in t he  Wa l tz ing  gu inea  p ig  (Wi t  and Hi jdam,  *84). I t  was 
obse rved  in t he  p r e s e n t  3 tudy  t h a t  w h i l e  a l l  d e g r e e s  o f  
h a i r  c e l l  d i s t o r t i o n  were found in t h e  h i g h e r  d o s e s ,  
b l e b i n g ,  c lump ing ,  e x p u l s i o n  o f  h a i r  c e l l  c o n t e n t s  and the 
p r e s e n c e  o f  c e l l u l a r  d e b r i s  was no t  s i g n i f i c a n t l y  seen  in 
t h e  0.42 and 0.83 mg/kg dose  g roups .  These r e s u l t s  s u g g e s t  
t h a t  mechanisms w i t h i n  t h e  c o c h l e a  a r e  c a p a b l e  o f  c l e a r i n g  
t h e  c e l l u l a r  d e b r i s  when t he  damage o c c u r s  a t  a s l ow r a t e  
and l ower  i n c i d e n c e .  However,  a t  t he  h i g h e r  d o s e s ,  t h e s e  
mechanisms  may be o v e r - l o a d e d  and t he  c e l l u l a r  d e b r i s  from 
d e g e n e r a t i n g  h a i r  c e l l s  i s  a c c u m u l a t e d .  Lim ( '76) r e p o r t e d  
t h a t  c e l l  d e b r i s  wa3 p h a g o c y t i z e d  by mac rophages  in 
k a n a m y c i n - i n t o x i c a t e d  c o c h l e a s .
Co ch l ea r  Compound Ac t i o n  P o t e n t i a l
In t he  p r e s e n t  s t u d y ,  r e c o r d i n g s  o f  t h e  c o c h l e a r  
compound a c t i o n  p o t e n t i a l  were s e n s i t i v e  to  f u n c t i o n a l
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changes  i nduced  by c i s p l a t i n  and ap pea red  t o  be d o s e -  
d e p e n d e n t .  K o n i s h i  t i t  a l^  C'83) and Na ka i  e t  a l .  (*82)  
r e p o r t e d  s i m i l a r  s u p p r e s s i o n  o f  a m p l i t u d e  m ea su r em en t s  
o f  a u d i t o r y  b r a i n s t e m  r e s p on se .
The a m p l i t u d e  and l a t e n c y  o f  t h e  N-j r e s p o n s e  i s  a 
f u n c t i o n  o f  b o t h  t h e  s t i m u l u s  i n t e n s i t y  and t he  number o f  
ne rve  f i b e r s  f i r i n g  in synch rony .  S ince  t he  i n t e n s i t y  o f  
s t i m u l a t i o n  r ema ined c o n s t a n t  in a l l  e x p e r i m e n t s  o f  t h e  
p r e s e n t  s t u d y ,  t he  s u p p r e s s i o n  o f  N-j mus t  be r e l a t e d  t o  t h e  
number o f  n e rv e  f i b e r s  f i r i n g  and t he  synch rony  o f  f i r i n g .  
The a f f e r e n t  a c t i v i t y  in t he  p r i m a r y  a u d i t o r y  f i b e r s  i s  
dependen t  on t he  e x c i t a t i o n  o f  t he  s e n s o r y  c e l l s .  The 
r e s u l t s  in t he  p r e s e n t  e x p e r i m e n t  and t h a t  o f  Kon i sh i  
e t  a I . C'83) and Na ka i  e £  a K  C 8 2 )  showed  t h a t  g u i n e a  p i g s  
e x h i b i t i n g  s e v e r e  s u p p r e s s i o n  o f  N1 a l s o  showed d r a m a t i c  
l o s s  o f  o u t e r  h a i r  c e l l s  bu t  p r e s e r v a t i o n  o f  i n n e r  h a i r  
c e l l 3 .  Al though t h e  r e l a t i o n s h i p  be tween  o u t e r  h a i r  c e l l  
l o s s  and s u p p r e s s i o n  o f  Nj a m p l i t u d e  s u g g e s t s  t h a t  t he  
o u t e r  h a i r  c e l l s  a re  t h e  p r i m a r y  a u d i t o r y  s e n s o r y  c e l l s ,  i t  
ha3 been w e l l  e s t a b l i s h e d  by S p o e nd l i n  C?2 )  t h a t  i n n e r  
h a i r  c e l l s  r e c e i v e  t h e  m a j o r i t y  o f  a f f e r e n t  i n n e r v a t i o n .
Two p o s s i b l e  a l t e r n a t i v e s  can t h e r e f o r e  be s u g g e s t e d  from 
th e  c o m b i n a t i o n  o f  p r e v i o u s  d a t a  and t h o s e  p r e s e n t e d  h e r e .  
F i r s t ,  a l t h o u g h  t he  i n n e r  h a i r  c e l l s  a r e  a n a t o m i c a l l y  
i n t a c t ,  t h e s e  c e l l s  may no t  be f u n c t i o n a l .  Second ly ,  t h e
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i n n e r  h a i r  c e l l s  may be  d e p e n d e n t  on t h e  o u t e r  h a i r  c e l l s  
f o r  t h e  normal  t r a n s d u c t i o n  p r o c e s s  bo o c cu r .  I t  i s  t he  
c u r r e n t  t h i n k i n g  by many i n v e s t i g a t o r s  t h a t  i n n e r  h a i r  
c e l l s  a r e  t h e  p r im a r y  s e n s o r y  r e c e p t o r  c e l l s  and t h a t  t he  
m ec ha n i c a l  i n p u t  t o  t he  i n n e r  h a i r  c e l l s  and t h u s  t h e i r  
e x c i t a t i o n  a r e  r e g u l a t e d  by t he  o u t e r  h a i r  c e l l s ,  (B ro wne l l  
e t  a l . ,  ' 85 ) .
In  t he  p r e s e n t  s t u dy  a l a r g e  v a r i a t i o n  o f  t he  
s u p p r e s s i o n  o f  o c c u r r e d  be tween gu in ea  p ig3  w i t h i n  t h e  
same t r e a t m e n t  g roups  f o r  do se s  l e s s  t han  1.5 mg/kg.  
V a r i a t i o n s  in s u s c e p t i b i l i t y  to  h e a r i n g  l o s s  have  been 
r e p o r t e d  by Koni sh i  e t  a l .  0 8 3 )  in c i s p l a t i n  t r e a t e d  
a n im a l s  and by Cody and Rober t son  083)  i n  n o i s e - i n d u c e d  
t r au m a .  Re cen t l y ,  Cody and Robe r t son  0 8 3 )  i n v e s t i g a t e d  
e x p e r i m e n t a l  f a c t o r s  r e s p o n s i b l e  f o r  t h i s  v a r i a t i o n  in 
s u o e p t i b i l i t y  t o  h e a r i n g  l o s s .  Even w i t h  s t r i c t l y  
c o n t r o l l e d  e x p e r i m e n t a l  p r o c e d u r e s  ( pu re  t o n e  s t i m u l i  in 
c l o s e d  f i e l d ,  imm ob i l i z ed  a n i m a l s ,  c a r e f u l  measu remen t  o f  t he  
sound p r e s s u r e  a t  t h e  t y mp an i c  membrane,  and s t r i c t  c o n t r o l  
o f  t h e  sound p r e s s u r e  d u r i n g  e xp os u r e ,  by means o f  f eedback  
c o n t r o l ) ,  Cody and Rober t son  r e p o r t e d  l a r g e  w i t h i n  group 
v a r i a t i o n s  f o r  bo th  f u n c t i o n a l  i m p a i r m e n t  and s t r u c t u r a l  
damage t o  h a i r  c e l l  s t e r e o c i l i a  and conc luded  t h a t  unknown 
f a c t o r s  w i t h i n  t he  c o c h l e a  mu3t be r e s p o n s i b l e  f o r  t h e s e  
v a r i a t i o n s .
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P r e y e r  R e f l e x  Te3 t  
The P r e ye r  r e f l e x  t e x t  a l l o w e d  n o n - i n v a s i v e  s c r e e n i n g  
o f  h e a r i n g  f u n c t i o n  in t he  u n a n e s t h e t i z e d  a n i m a l .  Our 
r e s u l t s  i n d i c a t e d  t h a t  h e a r i n g  l o s s  as  d e t e r m i n e d  by l o s s  
o f  P r e y e r  r e f l e x  was d o s e - d e p e n d e n t  and o c c u r r e d  a t  a t o t a l  
c i s p l a t i n  c o n c e n t r a t i o n  be tween 9 and 12 mg/kg.  In 
ag reement  w i t h  t h e s e  r e s u l t s ,  Nakai  e t  a l .  (*82) and 
F l e i s c hm an  j j t  _al. ( ’75) r e p o r t e d  h e a r i n g  l o s s  a t  t o t a l  
c i s p l a t i n  c o n c e n t r a t i o n  o f  10 and 15 mg/kg r e s p e c t i v e l y .
The somewhat  h i g h e r  drug c o n c e n t r a t i o n  used by F l e i s c hm an  
e t  a l .  may be due  t o  a tw o  day  d r u g  r e 3 t  p e r i o d  p e r  week 
d u r i n g  t h e i r  t r e a t m e n t  s c h e d u l e .
I m p l i c a t i o n s  f o r  F u t u r e  Rese a r ch  
On t he  b a s i s  o f  t h e  p r e s e n t  f i n d i n g s ,  f u r t h e r  
i n v e s t i g a t i o n  c on c e rn i n g  t h e  p r i m a r y  3 i t e  o f  t o x i c  a c t i o n  
i s  needed b e f o r e  t he  mechanism o f  c i s p l a t i n ' s  o t o t o x i c  
a c t i o n s  can be f u l l y  u n d e r s t o o d .
C i s p l a t i n ' s  e f f e c t  on h a i r  c e l l s  such as  t h e  f o r m a t i o n  
o f  b l e b s  on t h e  s t e r e o c i l i a  and t h e  e x p u l s i o n  o f  h a i r  c e l l  
c o n t e n t s  i n t o  t he  en do ly m p h a t i c  space  s u g g e s t  t h a t  t h i s  
a g en t  may a c t  d i r e c t l y  on mechani sms  w i t h i n  t h e  h a i r  c e l l s .
C i s p l a t i n  has been shown to  i n h i b i t  p r o t e i n  s y n t h e s i s  
a t  c o n c e n t r a t i o n s  g r e a t e r  t han  r e q u i r e d  fo r  i n h i b i t i o n  o f  
DNA s y n t h e s i s  (Ha rder  and Rosenberg ,  ’70) .  High 
c o n c e n t r a t i o n s  in t h e  c o c h l e a  may occu r  i f  c i s p l a t i n ,  l i k e
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th e  a m i n o g l y c o s i d e s ,  i s  s e q u e s t e r e d  i n  t h e  c o c h l e a r  f l u i d s .  
I n h i b i t i o n  by c i s p l a t i n  o f  an enzyme o r  enzymes v i t a l  to 
c e l l u l a r  p r o c e s s e s  could  p o t e n t i a l l y  r e s u l t  in d e a t h  o f  t h e  
h a i r  c e l l .
Recent  e v id e n c e  i n d i c a t e s  t h a t  an i n v e s t i g a t i o n  
co n ce rn i ng  c i s p l a t i n ' s  e f f e c t s  on i n t r a c e l l u l a r  c a l c i u m  
r e g u l a t i o n  in h a i r  c e l l s  may be w a r r a n t e d .  C e l l u l a r  
c a l c ium  i s  known to  be an i m p o r t a n t  m e d i a t o r  in a c t i v e  
t r a n s p o r t  s y s t e m s ,  m e t a b o l i c  pa thw ays ,  n e u r o t r a n s m i t t e r  
r e l e a s e ,  and many o t h e r  c e l l u l a r  f u n c t i o n s .  N i c o t e r a  
e t  a l . 0 8 5 )  r e p o r t e d  i n h i b i t i o n  o f  p l a sma  membrane 
Ca-ATPa3e a c t i v i t y  in i s o l a t e d  r a t  h e p a t o c y t e s  i n c u b a t e d  
w i t h  c y t o t o x i c  c o n c e n t r a t i o n s  o f  menadione  and s u g g e s t e d  
t h a t  t he  i n h i b i t i o n  by menadione was due t o  t h e  o x i d a t i o n  
o f  s u l f h y d r y l  g roups  c r i t i c a l  f o r  Ca-ATPase a c t i v i t y .  Thor 
e t  a l .  082)  d e m o n s t r a t e d  t h e  f o r m a t i o n  o f  b l e b s  on t h e  
s u r f a c e  s t r u c t u r e  o f  m e n a d i o n e - i n t o x i c a t e d  h e p a t o c y t e s  
which r e s em b le d  b l e b s  seen  on h a i r  c e l l  s t e r e o c i l l a  
i n t o x i c a t e d  w i t h  c i s p l a t i n .  The f o r m a t i o n  o f  b l e b s  on t he  
h e p a t o c y t e s  were a s s o c i a t e d  w i t h  r educed  i n t r a c e l l u l a r  
l e v e l s  o f  c a l c i um  and t h i o l  g r oup s .  R e c e n t l y ,  sodium 
t h i o s u l f a t e  has  been s u c c e s s f u l l y  u t i l i z e d  a s  a p r o t e c t i v e  
a g en t  a g a i n s t  c i s p l a t i n  c y t o t o x i c i t y  (Howel l  e t  a l . ,  ’82) .  
I f  Ca-ATPase in  t he  p l asma  membrane o f  h a i r  c e l l s  i s  
d ep end en t  on s u l f h y d r y l  g r o u p s ,  as  3een w i t h  h e p a t o c y t e s ,
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t h e  b i n d i n g  o f  c i s p l a t i n  t o  c e l l u l a r  s u l f h y d r y l  group would 
p o t e n t i a l l y  i n h i b i t  p l asma  membrane Ca-ATPase and r ed u c e  
i n t r a c e l l u l a r  l e v e l s  o f  c a l c i u m .  I t  can be s u g g e s t e d  t h a t  
o u t e r  h a i r  c e l l s ,  hav ing  a g r e a t e r  de g re e  o f  m e t a b o l i c  
a c t i v i t y ,  would be more v u l n e r a b l e  t o  damage t han  i n n e r  
h a i r  c e l l s  i n  t he  p r e s en c e  o f  abno rma l  i n t r a c e l l u l a r  
c a l c ium  l e v e l s .
Summary
C i s p l a t i n  o t o t o x i c i t y ,  a s  d e t e r m i n e d  by m eas u r em en t s  
o f  P r eye r  r e f l e x ,  c o c h l e a r  compound a c t i o n  p o t e n t i a l ,  and 
h a i r  c e l l  l o s 3 ,  was d o s e -d e p e n d e n t .  R e s u l t s  from round 
window r e c o r d i n g s  o f  compound a c t i o n  p o t e n t i a l  d e m o n s t r a t e d  
i n c r e a s e s  in l a t e n c y  and d e c r e a s e s  in a m p l i t u d e  f o r  g u i n e a  
p i g s  t r e a t e d  w i th  low d o s e s  o f  c i s p l a t i n  w h i l e  co m p le t e  
s u p p r e s s i o n  o f  t h e  a c t i o n  p o t e n t i a l  o c c u r r e d  w i t h  h ig h  
do3es .  Outer  h a i r  c e l l  d e s t r u c t i o n  o c c u r r e d  s p o r a d i c a l l y  
t h r o u g h o u t  a l l  t u r n s  o f  t h e  c o c h l e a  w i t h  a s t r o n g  
p r e v a l a n c e  in t he  b a s a l  t u r n  and w i t h  no s i g n i f i c a n t  
d i f f e r e n c e  be tween  o u t e r  h a i r  c e l l  rows .  Va r iou s  d e g r e e s  
o f  s t e r e o c i l i a  d i s t o r t i o n  in bo th  i n n e r  and o u t e r  h a i r  
c e l l s  was r e p r e s e n t e d  by s e p a r a t i o n ,  c l ump ing ,  f o r m a t i o n  o f  
b l e b s ,  and e x p u l s i o n  o f  h a i r  c e l l  c o n t e n t .  Na,K-ATPase 
a c t i v i t y  in c o c h l e a r  l a t e r a l  wa l l  was no t  s i g n i f i c a n t l y  
d i f f e r e n t  be tween t r e a t m e n t  g ro up s .  These r e s u l t s  s u p p o r t  
p r e v i o u s  f i n d i n g s  c o n c e r n i n g  c i s p l a t i n ' s  t o x i c  a c t i o n s  on
t h e  organ  o f  C o r t i  and s u g g e s t  t h a t  t he  p a t h o g e n e s i s  
c i s p l a t i n  o t o t o x i c i t y  i s  no t  d i r e c t l y  r e l a t e d  t o  Na,K 
ATPase in c o c h l e a r  l a t e r a l  w a l l .
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